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PTPASE INHIBITORS AND METHOD OF USING SAME 



CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. ?: visional Application No. 60/294,842 filed 
May 31, 2001. 

10 SUMMARY OF THE INVENTIO N 

As used herein, the following abbreviations have the following meanings: 
"AML" is used herein to mean acute myeloid leukemia; 
"ATRA" is used herein to mean all-Zra/is-retinoic acid; 

"GM-CSF" is used herein to mean granulocyte/macrophage colony stimulating factor; 
15 "IFNa" is used herein to mean interferon a; 

"IFNP" is used herein to mean interferon P; 

"IL-3" is used herein to mean interleukin-3; 

"Jak2" is used herein to mean j anus family kinase 2; 

"PSbT" is used herein to mean potassium antimonyl tartrate; 
20 "PRL" as used herein to mean Phosphatase of Regenerating Liver 

"PTPase" is used herein to mean protein tyrosine phosphatase; 

"PTK" is used herein to mean protein tyrosine kinase; 

"SH2" is used herein to mean Src-homotogy 2 domain; 

"SHP-1" is used herein to mean Src-homology protein tyrosine phosphatase; 
25 "Statl" is used herein to mean signal transducer and activator of transcription 1 ; 

"Stat5" is used herein to mean signal transducer and activa £ transcriptic md 

"sodium stibogluconate" is used herein to mean sodium stib ^neonate. 

Intercellular protein tyrosine phosphorylation is regulated by extracellular stimuli, such 
as cytokines, to control cell growth, differentiation and functional activities. This signaling 
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mechanism depends on the interplay of protein tyrosine kinases, which initiate signaling 
cascades through phosphorylating tyrosine residues in protein substrates, and by protein tyrosine 
phosphatases that terminate signaling via substrate dephosphorylation. Chemical compounds 
that modulate the activity of protein tyrosine kinases or phosphatases can induce cellular changes 
5 through affecting the balance of intracellular protein tyrosine phosphorylation and redirecting 
signaling. 

Protein tyrosine phophorylation is a pivotal signaling mechanism regulated by the 
balanced activities of protein tyrosine kinases (PTKs) and protein tyrosine phosphatases 
(PTPases). The potential of these therapeutics are well demonstrated by the successful treatment 
1 0 of human chronic myelogenous leukemia (CML) and gastrointestinal stromal tumors with PTK 
inhibitor STI-571. 

So far, few clinically usable inhibitors of PTPases have been reported despite extensive 
efforts in the last decade to identify them. Although a number of chemicals that broadly inhibit 
PTPases are known (e.g. sodium orthovanadate, pervanadate, and iodoacetic acid), their value as 
1 5 therapeutic agents has been limited due to their non-selective action resulting in toxicity in vivo. 

Summary of the Invention 

An embodiment of the present invention provides a therapeutic composition containing a 
pentavalent antimonial. The pentavalent antimonial preferably includes a pentavalent antimonial 
20 component and an organic moeity, preferably an organic moeity that is complimentary to a a 

predetermined cellular target(s) such as a PTPase. Examples of pentavalent antimonials that may 
be useful in the present invention include antimony dextran glucoside, antimony mannan, ethyl 
stibanime, ureastibamine, sodium stibogluconate, and glucantime, and biological equivalents of 
said compounds. 

25 Another aspect of the present invention is a purified fraction of a pentavelent antimony 

compound, the purified fraction being useful for therapeutic application. An example of this is a 
purified form of sodium stibogluconate. In a preferred embodiment the pentavalent antimonials 
that can be used in accordance with the present invention may be any such compounds which 
inhibit PTPase. The types of diseases that can be treated with the present invention include, but 

30 are not limited to, the following: diseases associated with PTPase activity, immune deficiency, 
cancer, infections (such as viral infections), hepatitis B, and hepatitis C. The types of cancers 

2 
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that the present embodiment can be used to treat include those such as lymphoma, multiple 
myeloma, leukemia, melanoma, prostate cancer, breast cancer, renal cancer, and bladder cancer. 

Another embodiment of the present invention provides for a composition which is 
comprised of a pentavalent antimonial and a cytokine. The cytokine may be any suitable 
5 cytokine, including interferon a, interferon (3, interferon y, or granulocyte/macrophage colony 
stimulating factor. The pentavalent antimonial can be any of the a*> -Mentioned pentavalent 
antimonials and is preferably sodium stibogluconate, glucantime, or logical equivalents 
thereof. The composition of this embodiment contains an effective amount of pentavalent 
antimonial that can be used in treating infectious diseases. The types of diseases that can be 

10 treated with the present invention include, but are not limited to, the following: diseases 

associated with PTPase activity, immune deficiency, cancer, infections (such as viral infections), 
hepatitis B, and hepatitis C. The types of cancers that the present embodiment can be used to 
treat include those such as lymphoma, multiple myeloma, leukemia, melanoma, prostate cancer, 
breast cancer, renal cancer, and bladder cancer. 

15 Another embodiment of the present invention provides for s method of treating a subject 

in need thereof by administering a penta valent antimonial, particularly those mentioned above. 
This embodiment of the present invention can be used to treat a patient who suffers from a 
disease state, such as cancer, infection (such as a viral infection), immune deficiency, hepatitis B, 
hepatitis C, or a disease associated with PTPase activity. This embodiment also optionally 

20 provides for the administering of a cytokine in connection with the pentavalent antimonial, such 
as interferon a, interferon p, interferon y, or granulocyte/macrophage colony stimulating factor. 

Another aspect of the present invention is a method c screening or identifying 
compounds which are functional equivalents of sodium stibogluconate or glucatime. Although 
these may be pentavalent antimonials as described herein, other compounds dero onstrating 

25 characteristics similar to sodium stibogluconate and glucatime may satisfy this aspect of the 
invention. 

Sodium stibogluconate is described herein as an agent inhibitor of PTPase. Sodium 
stibogluconate is described in U.S. Patent No. 4,594,241 to Rao et al. in an anti-leishmanial 
pharmaceutical formulations. U.S. Patent No. 4,594,241 is incorporated herein by reference to 
30 the extent it supports the present application. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates the hypothetic structure of A. Sodium stibogluconate; B. Glucantime; 
C. Ureastibamine; and D. Ketoconazole; 

Figure 2 is a mass spectrometric analysis of commercially avaliable sodium 
5 stibogluconate. 

Figure 2 A illustrates PTPase inhibitory activity associates with selective higher molecular 
compounds in sodium stibogluconate. A. sodium stibogluconate was separated by molecular 
sieve chromatography and collected as fractions, during elution with antimony (Sb) contents of 
individual fractions quantified by inductively coupled plasma mass spectrometry (ICPMS). 
10 Values of Sb contents have about 10% maximum relative error based on systematic error and 
random error in analysis of standards. B. Relative PTPase activities of recombinant SHP-1 in 
the presence of sodium stibogluconate fractions and parental sodium stibogluconate as measured 
by in vitro PTPase assays. Antimony (Sb) concentrations in the PTPase reactions were 
calculated based on the antimony contents of sodium stibogluconate and sodium stibogluconate 
1 5 fractions determined by ICPMS. 

Figure 3 illustrates a hypothetic mechanism of sodium stibogluconate as an anti- 
leishmania drug and an anti-cancer therapeutic: A. sodium stibogluconate inhibits PTPases 
down-regulating Jak/Stat to augment IFNa. PTPase inhibitory activity associates with selective 
higher molecular compounds in sodium stibogluconate. B. Sodium stibogluconate inhibits the 
20 PTPases to augment signaling of IFNa and their anti-cancer activity, sodium stibogluconate 
may also target other PTPases to mediate its anti-cancer activity as a single agent. 

Figure 3 A illustrates the covalent modification of Recombinant PRL-2 by sodium 
stibogluconate. 

Figure 4 illustrates that sodium stibogluconate inhibits PTPases in vitro. A. Relative 
25 PTPase activities of GST fusion proteins of SHP-1, SHP-2 and PTP1B in the presence of various 
amounts of sodium stibogluconate; B. Relative PTPase activities of GST/SHP-1 fusion protein 
in the presence of various amounts of sodium stibogluconate or suramin; C. Relative PTPase 
activities of GST fusion proteins o f PTP1B and MKP1 in the presence of various amounts of 
sodium stibogluconate. 
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Figure 5 illustrates that sodium stibogluconate forms stable complexes with SHP-1 in 
vitro: A. Protein domain structure of GST fusion proteins of SHP-1 and SHP-1 catalytic domain 
(SHP-lcata) which contains amino acid 202 to 554 of the wild type SHP-1 protein. B. Relative 
PTPase activities of GST fusion proteins of SHP-1 and SHP-lcata in the presence of various 
5 amounts of sodium stibogluconate. Relative PTPase activities of GST fusion protein of SHP-1 
preincubated with sodium stibogluconate or suramin and then washed (+) or without washing 
as indicated. Sodium stibogluconate targets the catalytic domain of SHP-1. 

Figure 6A. Sodium stibogluconate inactivates intracellullar PRLs in NIH3T3 
transfectants. A. PTPase activities of anti-Flag immunocom sxes from untreated (CN or sodium 

10 stibogluconate -treated (5 min) NIH3T3 transfectants of th itrol vector (V) or Fie RL- 1 
expression construct in in vitro PTPase assays. B, Relative amounts of Flag-PRL-1 ,he 
immunocomplexes as detected by SDS-PAGE/Western blotting. C. PTPase activities of anti- 
Flag immunocomplexes from untreated or sodium stib conate -treated NIH3T3 transfectants 
of Flag-PRL-2. D. Relative amounts of Flag-PRL-2 in the immunocomplexes as determined by 

15 SDS-PAGE/Western blotting. E. PTPase activities of anti-Flag immunocomplexes from 

untreated or sodium stibogluconate -treated NIH3T3 transfectants o^lag-PRL-3. R Relative 
amounts of Flag-PRL-3 in the immunocomplexes as determined by JS-PAGEA m 
blotting. 

Figur 6B. Duration of sodium stibogluconate -induced PRL-2 inactivation in NEH3T3 
20 transfectants. A. Relative PTPase activity of anti-Flag immunoc lexes from Flag-PRL-2 
transfectants untreated or treated with sodium stibogluconate for i, washed to remove cell- 
free drug and then incubated for various times B. Relative amounts of Flag-PRL-2 in the 
immunocomplexes as determined by SDS-PAGE/Western blotting 

Figure 6C. Sodium stibogluconate inactivates intracellula ^RL-2 in WM9 human 
25 melanoma cells. A. Relative PTPase activities of anti-Flag immunocomplexes fix ;n WM9 cells 
transfected with the control vector (V) c Flag-PRL-2 expression construct and then treated with 
different amounts of sodium stibogluconate for 5 minutes B. Rela e amounts of Flag-PRL-2 
in the immunocomplexes as determined by SDS-PAGE/Western blotting. C. Relative PTPase 
activities of anti-MKPl immunocomplexes from WM9 cells treated with different amounts of 
30 sodium stibogluconate for 5 minutes. Relative amounts of MKP :he immunocomplexes as 
determined by SDS-PAGE/Western blotting. 

5 
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Figure 7 illustrates that sodium stibogluconate augments the opposite effects of GM-CSF 
and IFNa on TF- 1 cell growth: A. Proliferation of TF. 1 cells cultured in the presence of various 
amounts of GM-CSF and with or without sodium stibogluconate for three days was measured by 
MTT assays; B. Proliferation of TF-1 cells cultured in the presence of GM-CSF (50 ng/ml) and 
5 various amounts of IFNa with or without sodium stibogluconate (50 ug/ml) for three days was 
measured by MTT assays; C. The results in B shown as percentage inhibition of cell growth; D. 
Proliferation of TF-1 cells in the presence of GM-CSF (20 ng/ml) and various amounts of 
sodium stibogluconate for 6 days was measured by MTT assays; E. Proliferation of TF-1 cells in 
the presence of GM-CSF (20 ng/ml)/IFNa (1,000 u/ml) and various amounts of sodium 

10 stibogluconate for 6 days was measured by MTT assays. 

Figure 8 illustrates growth inhibition of human cell lines of hematopoietic malignancies 
by sodium stibogluconate and/or IFNa: A and B. Growth of DS and DR cells cultured in the 
absence or presence of various amounts of sodium stibogluconate and/or IFNa (1,000 u/ml) for 3 
days was measured by MTT assays; C. Percentage of growth inhibition of DR cells calculated 

15 from data in B; D. Percentage of growth inhibition of DR cells by IFNa (1,000 u/ml) and 
various amounts of sodium stibogluconate in day 6 cultures measured by MTT assays; E. 
Percentage of growth inhibition of U266 cells by IFNa (1,000 u/ml) and various amounts of 
sodium stibogluconate in day 6 cultures as measured by MTT assays. 

Figure 9 illustrates growth inhibition of human cell lines of non-hematopoietic 

20 malignancies by sodium stibogluconate and/or IFNa. Percentage of growth inhibition of WM9 
(A), DU145 (B), MDA231 (C) and WiT49-Nl (D) in the absence or presence of various amounts 
of sodium stibogluconate and/or IFNa (1,000 u/ml) in day 6 cultures as measured by MTT 
assays. 

Figure 10 illustrates sodium stibogluconate augments both IFNa- and IFNp-induced 
25 growth inhibition of WM9 cells. Percentage of growth inhibition of WM9 cells in the absence or 
presence of various amounts of sodium stibogluconate, IFNa and IFNp in day 6 cultures as 
measured by MTT assays. The data illustrates that sodium seems to interact with IFNa and IFNJ3 
in a synergistic manner in growth inhibition of WM9 cells. Data from MTT antiproliferative 
assays was expressed as percent control growth (PCG) of treated cells, compared to untreated 
30 ceils (100%). Median effect analysis (inset graphs), similar to isobol analysis, defined drug 
interaction in the IFNa+sodium stibogluconate and the IFNP+sodium stibogluconate 



iDOCID: <WO 02096412A1_I_> 



WO 02/096412 



PCT/US02/17054 



combinations as synergistic at all doses tested, characterized by a combination index (CI) of less 
than L Additivity is indicated by CM, and antagonism occurs when CI>1. Fraction affected 
(fa) = (100-PCG)/100. 

Figure 1 1 illustrates that sodium stibogluconate appears to synergize with IFNa against 
5 WM9 human melanoma tumors in nude mice. IFNa or both on the growth of xenografts of 
human melanoma cell line WM9 and human prostate carcinoma cell line DU-145 in athymic 
nude mice. Nude mice of 4 weeks old were inoculated subcutaneously (s.c.) with WM9 human 
melanoma cells (3 x 10 6 cells/site) (A) or DU-145 human prostate cancer cells (2 x 10 6 cells/site) 
(B) on day 0. Starting on day 2, the mice were subjected to no treatment (Control) or treatment 

10 with IFNa (500,000 U, sx., daily), sodium stibogluconate (12 mg, s.c, daily) or both (Combo). 
Tumor volume in the nude mice (4 mice/group, 2 tumors/mouse) was measured on the days as 
indicated. Tumor volume was calculated by the equation: (length x width 2 )/2 to compare tumor 
growth rates. All mice survived by the end of the experiment. 

Figure 1 1A illustrates that sodium stibogluconate in vitro inhibits oncogenic PRL 

15 phosphatases that are commonly expressed in human cancer cell lines . A. Relative activities of 
recombinant PRL phosphatases in dephosphorylating a synthetic phosphotyrosine peptide in 
vitro in the absence or presence of various amounts of sodium stibogluc ate, which was pre 
incubated with the phosphatases for 10 minutes prior to initiation of PTPase reaction. B. Effects 
of differential pre-incubation times of sodium stibogluconate with recombinant PRL-3 on PRL-3 

20 activity in dephosphorylating the peptide substrate. C Relative activities of recombinant PR! * 
in dephosphorylating DiFMUP substrate in the absence or presence of various amounts of 
sodium stibogluconate, sodium orthovanandate (VO) or suramin. D. Relative activities of 
recombinant SHP-1 and PRL-3 in dephosphorylating DiFMUP in the absence or presence of 
sodium stibogluconate. E. Relati ve activities of PRL-3 bound to glutathione beads and 

25 preincubated with sodium stibogluconate then subjected no washing (Wash -) or a washing 

process (Wash +), which was shown to remove the inhibition of SHP-1 by reversible inhibitor 
suramine. F. Expression levels of PRLs in human cancer cell lines and in PBMC of two healthy 
volunteers. 

Fig. 12 illustrates that Glucatime has inhibitory activity against recombinant PTPases in 
30 vitro with its specificity different from that of sodium stibogluconate. Activities of recombinant 
PTP1B (A), MKP1 (B) and SHP-1 (C) in the absence or presence of glucatime or sodium 

7 
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stibogluconate in dephosphorylating a synthetic phosphotyrosine peptide in in vitro PTPase 
assays. Glucatime induced SHP-1 inactivation that was not removed by a washing process and 
thus was irreversible (D). 

Fig. 1 3 illustrates that glucatime is a potent inhibitor of oncogenic PRL phosphatases in 
vitro. Activities of recombinant PRJL-1 (A), PRL-2 (B) and PRL-3 (C) in the absence or 
presence of glucatime or sodium stibogluconate in dephosphorylating a synthetic 
phosphotyrosine peptide in in vitro PTPase assays. Glucatime induced PRL-2 inactivation that 
was not removed by a washing process and thus was irreversible (D). 

Fig. 14 illustrates detection of PTPase inhibitory activity of glucatime using an 
alternative PTPase substrate (DiFMUP) in in vitro PTPase assays. Activities of recombinant 
SHP-1, PRL-3 and PTP1B in the absence or presence of glucatime in dephosphorylating 
DiFMUP in PTPase assays. 

Fig. 15 illustrates that glucatime inactivates intracellular PRL phosphatases. NIH3T3 
stable transfectants of Flag-tagged PRL-1 (A), PRL-2 (B) and PRL-3 (C) were untreated or 
treated with glucatime for 5 minutes and then washed to remove cell free drug. The Flag-tagged 
PRLs were immunoprecipitated from the cells using a monoclonal anti-Flag antibody. The 
amounts of Flag-tagged PRLs in the immunocomplexes were quantified by SDS-PAGE/Western 
blotting with the anti-Flag antibody (the top panel). Activities of the immunocomplexes in 
dephosphorylating a synthetic phosphotyrosine peptide were determined by in vitro PTPase 
assays (the low panel). 

Fig. 16. Glucatime-induced inactivation of intracellular PRL-2 lasts more than 24 hours. 
N1H3T3 stable transfectant of Flag-tagged PRL-2 was treated with glucatime for 5 minutes, 
washed to remove cell free drug and then incubated for various times prior to termination by 
lysing the cells in lysis buffer. Flag-tagged PRL-2 was immunoprecipitated from the cell lysates 
using a monoclonal anti-Flag antibody. The amounts of Flag-tagged PRL-2 in the 
immunocomplexes were quantified by SDS-PAGE/Western blotting with the anti-Flag antibody 
(A). Activities of the immunocomplexes in dephosphorylating a synthetic phosphotyrosine 
peptide were determined by in vitro PTPase assays (B). 

Fig. 1 7. Glucatime induces partial inhibition of intracellular PTP1B, similar to its partial 
inhibitory effect against recombinant PTP1B in vitro. NIH3T3 cells were untreated or treated 
with glucatime for 5 minutes. PTP1B protein was immunoprecipitated from the cells using an 



8 



WO 02/096412 



PCT/US02/17054 



anti-PTPlB antibody. The amounts of PTP1B in the immunocomplexes were quantified by 
SDS-PAGEAVestern blotting with the anti-PTPlB antibody (A). Activities of the 
immunocomplexes in dephosphorylating a synthetic phosphotyrosine peptide were determined 
by in vitro PTPase assays (B). 
5 Fig. 18. Glucatime inhibits the growth of human cancer cell lines in culture and augments 

BFNa-induced growth inhibition. Growth of human cancer cell lines cultured in the absence or 
presence of glucatime and/or EFNa (500 U/ml) for 6 days were determined by MTT assays. 
Similar results were demonstrated in various cell lives including lung cancer (A549), lymphoma 
(DR), ovarian cancer (HEY), breast cancer (MDA231, or MDA), neuroblastoma (SK-N-SH, or 
10 SK) and melanoma (WM9). 

Fig. 19 illustrates the differential sensitivities of PTPPase to sodium stibogluconate in 
relationship to % inhibition in vitro of SHP-1, MKP1, and PRL-1. 

DETAILED DESCRIPTION 

15 As described above, one aspect of the present invention is directed to therapeutic 

applications of antimony, particularly, antimony conjugated to various organic moeities. 
Accordingly, therapeutic pentavalent antimonials are described herein. More particularly, 
pentavalent antimonials that have a high degree of activity and/or specificity for PTPase are 
described. Although a finite number of pentavalent antimonials are described herein the present 

20 invention is not to be so limited. Additionally, although it is theorized that the compounds of the 
present invention bind to an active site of a PTPase, they may simply tangentially interact with 
the activity of PTPase vis-a-vis modification or inhibition of other celluar targets upstream or 
downstream from a particular PTPase. While not wishing to be bound by theory it is believed 
that covalent modification of a sulfhydryl group of a catalytic site cysteine conserved in all 

25 PTPases. Accordingly, another aspect of the present invention is the treatment of a disease 
which includes an cysteine residue in an active site. The organic moeity, generally a 
carbohydrate, preferably provides a configuration complementary to the catalytic site or pocket 
of a PTPase for optimal antimony/sulfhydryl interaction. 

Disclosed herein are compositions and methods useful in modulating the activity of 

30 protein tyrosine phosphorylation. Protein tyrosine kinases initiate signaling cascades through 

9 
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phosphoryiating tyrosine residues in protein substrates, and by protein tyrosine phosphatases that 
terminate signaling via substrate dephosphorylation. Chemical compounds that modulate the 
activity of protein tyrosine kinases or phosphatases can induce cellular changes by affecting the 
balance of intracellular protein tyrosine phosphorylation and redirecting signaling. 
5 Another aspect of the present invention is a purified fraction of a pentavalent antimonial, 

and in particular a purified pentavalent antimonial, preferably sodium stibogluconate and its use 
as a therapeutic agent, particularly as an inhibitor of PTPase. 

Accordingly, an embodiment of the present invention provides for a method for the 
prophylactic and therapeutic treatment of diseases associated with protein tyrosine activity or 

10 abnormal activity thereof. By "prophylactic", it is meant the protection, in whole or in part, 
against a particular disease or a plurality of diseases. By "therapeutic", it is meant the 
amelioration of the disease itself, and the protection, in whole or in part, against further disease. 
The method comprises the administration of an inhibitor of protein tyrosine phosphatase in an 
amount sufficient to treat a subject either prophylactically or therapeutically. Sodium 

15 stibogluconate as used herein includes all biochemical equivalents (i.e. salts, precursors, and its 
basic form). 

The active agents described herein, as well as their biological equivalents or 
pharmaceutically acceptable salt of the foregoing can be administered in accordance with the 
present inventive method by any suitable route. One of ordinary skill in the art will appreciate 

20 that the prodrug used must be one that can be converted to an active agent in or around the site to 
be treated. Suitable routes of administration may include systemic, such as orally or by injection, 
topical, intraocular, periocular, subconjunctival, subretinal, suprachoroidal and retrobulbar. The 
manner in which the agent is administered is dependent, in part, upon whether the treatment is 
prophylactic or therapeutic. 

25 Th e composition(s) of the present invention is preferably administered as soon as 

possible after it has been determined that an animal, such as a mammal, specifically a human, is 
at risk for a disease. Preferably the disease which is screened or in need of treatment is 
associated with protein tyrosine phosphatase activity. Treatment will depend, in part, upon the 
particular therapeutic composition used, the amount of the therapeutic composition administered, 

30 the route of administration, and the cause and extent, if any, of the disease. 
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One skilled in the art will appreciate that suitable methods of administering the 
therapeutic composition useful in the present inventive method, are available. Although more 
than one route can be used to administer a particular therapeutic composition, a particular route 
can provide a more immediate and more effective reaction than another route. Accordingly, the 
5 described routes of administration are merely exemplary and are in no way limiting. 

The dose administered to an animal, particularly a human (humans have over 100 
PTPases), in accordance with the present invention should be sufficient to effect the desired 
response in the animal over a reasonable time frame. One skilled in the art will recognize that 
dosage will depend upon a variety of factors, including the strength of the particular therapeutic 

1 0 composition employed, the age, species, condition or disease state, and body weight of the 
animal. The size of the dose also will be determined Sr ve route ^raing, and frequency of 
administration as well as the existence, nature, and extent of any ; sree side effects that might 
accompany the administration of a particular therapeutic composition, as well as the desired 
physiological effect It will be appreciated by one of ordinary skill in the art that various 

1 5 conditions or disease states, in particular, chronic conditions or disease states, may require 
prolonged treatment involving multiple administrations. 

Suitable doses and dosage regimens can be determined by conventional range-finding 
techniques known to those of ordinary skill in the art. Generally, treatment is initiated with 
smaller dosages, which are less than the optimum dose of the compound. Thereafter, the dosage 

20 is increased by small increments until the optimum effect under the circumstances is reached. 
Compositions for use in the present inventive method preferably comprise a 
pharmaceutically acceptable carrier and an amount of the therapeutic composition sufficient to 
treat the particular disease prophylactically or therapeutically. The carrier can be any of those 
conventionally used and is limited only by chemico-physical considerations, such as solubility 

25 and lack of reactivity with the compound and by the route of administration. It will be 
appreciated by one of ordinary skill in th e art that, in addition to the following described 
pharmaceutical compositions, the therapeutic composition can be formulated as polymeric 
compositions, inclusion complexes, such as cyclodextrin inclusion complexes, liposomes, 
microspheres, microcapsules, and the like (see, e.g., U.S. Pat. Nos. 4,997,652, 5,185,152 and 

30 5,718,922). The therapeutic composition can be formulated as a pharmaceutically accept? 'e 
acid addition salt. Examples of pharmaceutically acceptable acid addition salts for use in ate 
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pharmaceutical composition include those derived from mineral acids, such as hydrochloric, 
hydrobromic, phosphoric, metaphosphoric, nitric, and sulfuric acids, and organic acids, such as 
tartaric, acetic, citric, malic, lactic, fumaric, benzoic, glycolic, gluconic, succinic, and 
arylsulphonic, for example p-toluenesulphonic, acids. 

It is preferred that the pharmaceutical^ acceptable carrier be one which is chemically 
inert to the therapeutic composition and one which has no detrimental side effects or toxicity 
under the conditions of use. The choice of excipient will be determined in part by the particular 
therapeutic composition, as well as by the particular method used to administer the composition. 
Accordingly, there is a wide variety of suitable formulations of the pharmaceutical composition 
of the present invention. 

Injectable formulations are among those that are preferred in accordance with the present 
inventive method. The requirements for effective pharmaceutical carriers for injectable 
compositions are well-known to those of ordinary skill in the art (see Pharmaceutics and 
Pharmacy Practice, J. B. Lippincott Co., Philadelphia, Pa., Banker and Chalmers, eds., pages 
238-250 (1982), and ASHP Handbook on Injectable Drugs, Toissel, 4th ed., pages 622-630 
(1986)) which is incorporated herein by reference thereto. It is preferred that such injectable 
compositions be administered intramuscularly, intravenously, or intraperitoneally. 

Formulations suitable for oral administration can consist of (a) liquid solutions, such as 
an effective amount of the compound dissolved in diluents, such as water, saline, or orange juice; 
(b) capsules, sachets, tablets, lozenges, and troches, each containing a predetermined amount of 
the active ingredient, as solids or granules; (c) powders; (d) suspensions in an appropriate liquid; 
and (e) suitable emulsions. Liquid formulations may include diluents, such as water and 
alcohols, for example, ethanol, benzyl alcohol, and the polyethylene alcohols, either with or 
without the addition of a pharmaceutically acceptable surfactant, suspending agent, or 
emulsifying agent. 

Formulations suitable for parenteral administration include aqueous and non-aqueous, 
isotonic sterile injection solutions, which can contain anti-oxidants, buffers, bacteriostats, and 
solutes that render the formulation isotonic with the blood of the intended recipient, and aqueous 
and non-aqueous sterile suspensions that can include suspending agents, solubilizers, thickening 
agents, stabilizers, and preservatives. 
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The present inventive method also can involve the co-administration of other 
pharmaceutical^ active compounds. By "co-administration" is meant administration before, 
concurrently with, e.g., in combination with the therapeutic composition in the same formulation 
or in separate formulations, or after administration of a therapeutic composition as described 
5 above. 

The following examples, materials, methods, discussion, and detailed description are 
meant to further illustrate the present invention but, of course, should not be construed as in any 
way limiting its scope- 
Sodium stibogluconate is a complex of pentavalent antimonial with an organic moeity, u 

10 one embodiment, a carbohydrate is the organic moeity. Sodium ^ibogluconate is wel olerated 
with few side effects at its therapeutic dosage for Leishmaniasis. The recommended dosage of 
sodium stibogluconate for Leishmaniasis is 20 mg Sb/kg body weight per day i.m. daily for 10- 
14 days. The course can be repeal after a rest period of 14 days. When given at such dose and 
duration, the drug has efficacy that ranged from 70- 1 00%. The upper limit of the drug that can 

15 be safely tolerated has not been defined. However, single dose up to 143 mg Sb/kg have been 
used without serious toxicity. The tolerance of the drug may be in part due to its rap enal 
clearance with more than 80% excrc -d in the first 6 hours and biood levels of the drug fell to 
around 1% peak value in 16 hours obvious accumulation of the drug in the human body was 
detected, consistent with its safe usage for prolonged treatment in some cases of drug-resistant 

20 Leishmaniasis. 

The precise chemical structure and composition of sodium stibogluconate remain 
undefined. Sodium stibogluconate is prepared by the reaction of pentavalent antimony with 
gluconic acid. Some lots of sodium stibogluconate associated with poor clinical outcomes have 
been found to have higher osmolalities that suggest a diminished degree of sodium 

25 stibogluconate polymerization. Sodium stibogluconate was found to be a complex mixture with 
apparent molecular masses of 100-4,000 Da and could be separated into 12 fractions by anion- 
exchange chromatography. The hypothetic structure of sodium stibogluconate is shown in 
Figure 1 A with a predicted molecular weight of 746 Da. Based on the ability of antimony in 
sodium stibogluconate to form stable complex with proteins, it would appear that the pentavalent 

30 antimony interacts with key sulfhydryl groups of polypeptides and that this may be a mechanism 
of action of the drug. While not wishing to be bound by theory, it is hypothesized that sodium 
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stibogluconate may inhibit PTPases via covalent modification of the sulfhydryl group in the 
cysteine residue conserved in PTPases while its carbohydrate moiety providing certain molecular 
configuration that brings the antimony into proximity of the cysteine residue at the catalytic 
pocket of PTPases. 

5 The finding of sodium stibogluconate as a PTPase inhibitor with anti-cancer activity 

suggests that several drugs, related to sodium stibogluconate biologically and/or chemically, may 
have similar activities against PTPases and thus similar potential as novel anti-cancer 
therapeutics. Chemically-related drugs include glucantime (see Figure IB), antimony dextran 
glucoside, antimony mannan, ethyl stibanine and urea stibamine (see Figure 1C). All of these 

10 pentavalent antimonials have anti-leishmania activity but are lessrused clinically since sodium 
stibogluconate has more satisfactory stability, better profile of tolerance and efficacy. Because 
different organic moieties in each of the drugs make them structurally different from that of 
sodium stibogluconate, these drugs may selectively target different groups of PTPases and 
consequently have activity against different types of cancer cells. Glucantime is produced by 

1 5 Specia (France), and is commercially available therefrom. 

Several drugs containing no pentavalent antimony are also used in the treatment of 
leishmaniasis, including ketoconazole (See Figure ID). The mechanism of their anti-leishmania 
activity is not fully understood. There are no reports of their activity against PTPases. We have 
provided evidence that ketoconazole is a PTPase inhibitors and that it targets PTPases differently 

20 than those inhibited by sodium stibogluconate. Thus Ketoconazole may selectively inhibit 

different groups of PTPases and consequently may have activity against different types of cancer 
cells. 

A very good review of agents effective in the treatment of leishmaniasis is found in 
Steck, E.A. The leishmaniases, Prog Drug Res, 18: 289-251 (1974), which is incorporated 

25 herein by reference thereto in its entirety. Particular reference is directed to pages 306-3 1 5 

which describe antimonates. Because different organic moieties in each of the drugs make them 
structurally different from that of sodium stibogluconate, these drugs may selectively target 
different groups of PTPases and consequently may have activity against different types of cancer 
cells. Although potassium antimony tartrate (PSbT) has no detectable activity against PTPases, 

30 the marked activity of the trivalent antimony in growth inhibition of BaO cell line suggests this 
type of chemical compounds may also have anti-cancer activity via a mechanism independent of 



14 



OOCID: <WO 0209641 2A1_I_> 



WO 02/096412 



PCT/US02/17054 



PTPases. Pentavalent antimony compounds appear to be particularly well-suited for purposes of 
the present invention. 

To assess the number of molecular species and their relative amounts and molecular 
weights in sodium stibogluconate, sodium stibogluconate was characterized by mass 
5 spectrometry. This is illustrated in Figure 2. Significantly, the results revealed the presence of 
only a few major species of higher molecular weights (> 700 Da) that are well separated and 
relatively easy to isolate by chromatography. Since degradation of polymers of sodium 
stibogluconate associates with lower activity and increased toxicity, the more active portion of 
sodium stibogluconate may be among the higher molecular weight species. The anti-cancer 

10 activity of sodium stibogluconate likely associates with a distinct sodium stibogluconate fraction 
more potent and less toxic than the parental drug, which is a mixture of molecules resulted from 
differential polymerization with poor activity and increased toxicity associated with degradation 
of the polymers. To determine the activities of different sodium stibogluconate fractions, they 
were separated by chromatography. Sodium stibogluconate is a mixture of pentavalent antimony 

15 complexed to ct ydrate specifically ^bohydrates from gluconic acid, with the number and 
composition of chemical species in the formulation undefined. It was shown by chromatography 
that sodium stibogluconate is mixture of molecules of about 100 to about 4,000 Da and could be 
separated int ctions by anion-exchange chromatography. Preliminary studies by mass 

spectrometry * : usd its mixed nature and demonstrated for the first time the distribution of 

20 major molecular species at about 100 to about 3 104 Da range in the drug. Compounds with 
different molecular weights that resulted from different polymerization in the sodium 
stibogluconate mixture may have distinct biological activities and toxicity. To verify the 
activity, sodium stibogluconate fractions were purified based on their different molecular 
weights by chromatography and their anti-cancer activities assessed by determining their 

25 activities against PTPases in comparison to the parental sodium stibogluconate. To assess their 
toxicity, the LD50 of the fractions and parental sodium stibogluconate can be determined in 
mice. 

As shown in Fig. 2A, molecular size exclusion chromatography has been used 
successfully to characterize sodium stibogluconate with different molecular weights ranging 
30 from 100 to 4000 Da. Molecular exclusion HPLC techniques were used to isolate and purify 
sodium stibogluconate fractions, sodium stibogluconate in its clinical format from Xinhua 
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Pharmaceutics as used in preliminary studies has been obtained in quantity (approximately 1 000 
ml of sodium stibogluconate at 100 mg Sb/ml) for the proposed studies. Compounds in the 
sodium stibogluconate mixture were eluted in a time dependent manner. 

Given the distribution of the major species of molecules in sodium stibogluconate as 
5 illustrated by mass spectrometry (Figure 2), the eluted fractions were initially collected as seven 
pools from high molecular weight to lower molecular weight. Most of the fractions were eluted 
between 8-25 minutes as revealed by mass spectroscopy. The activities of the fractions were 
tested against PTPases in vitro, particularly PRL-3PTPase, to identify the pool with activity or 
highest activity. The pools without activity or with lower activity can be used in their mixed 

10 form to determine their toxicity (LD50) as described below. Consistent with a lack of 

compounds in fraction 1 (eluate of 0-8 minutes), no antimony was detected in the fraction by 
inductively coupled plasma mass spectrometry (Fig. 2A). Fractions 2-7 showed various amounts 
of antimony content with the highest levels detected in fractions 4 and 5 that accounted for 96% 
of total antimony in the eluates (Fig. 2 A)- Importantly in Figure 2 A, the higher molecular weight 

1 5 polymers (e.g., greater than 700 Da and more particularly greater than 3000 Da are more potent 
than the parental sodium stibogluconate in inhibiting PTPasees. This appears to be confirmed by 
the activity of Fraction 2 and its corresponding inhibition on PRJL-3 PTPase activity. This is also 
shown in B of Fig. 2 A. The activities of the sodium stibogluconate pools, fractions and sodium 
stibogluconate against PTPases SHP-1 were tested individually by in vitro PTPase assays as 

20 described subsequently. 

Inhibitory activities of the fractions and parental sodium stibogluconate mixture against 
recombinant SHP-1 PTPase was assessed by in vitro PTPase assays. Consistent with our 
previous observation, sodium stibogluconate at Sb concentration of 10 jig/ml inactivated SHP-1 
(B of Figure 2 A). As expected since it contained no detectable compounds or antimony (A of 

25 Figure 2 A), fraction 1 showed no activity against SHP-1. Fractions 6 and 7 also failed to inhibit 
the PTPase although they had low levels of antimony. Interestingly, fraction 2 with an antimony 
level similar to those in fraction 6 and 7 was active against SHP-1. In contract, fraction 3 and 4 
showed only minor effects on SHP-1 PTPase activity despite the fact that their antimony levels 
were approximately 10-200 fold higher than that of fraction 2. Fraction 5 also showed a 

30 significant activity against SHP-1 with its antimony level almost 100 fold over that of fraction 2. 
These results demonstrated that inhibitory activity against recombinant SHP-1 associated with 

16 



SDOC1D: <WO 0209641 2A1 J_> 



WO 02/096412 PCT/US02/17054 

selective compounds in the sodium stibogluconate mixture in a manner not solely defined by 
antimony content. Since the most effective SHP-1 inhibitors) resided in fraction 2 that was 
eluted first in molecular sieve chromatography and thus of higher molecular weights but 
accounted for less than 10% of total compounds in sodium stibogluconate, it suggest that a small 
5 fraction of higher molecular weight components is mainly respond le for the PTPase inhibitory 
activity of sodium stibogluconate and might be purified as more potent and less toxic PTPase- 
targeted therapeutic. 

As shown in Figure 3, signaling of IFNa is mediated by the Jak/Stat pathway. The 
cytokine activates Jakl and Tyk2 kinases to phosphorylate Stat 1 and Stat2, which form ISGF3 

10 with p48 to regulate the expression of ISGs that mediate the biological activities, including anti- 
cancer activity, of the cytokine. Tyrosine phosphorylation 'he kinases and Stats correlates 
with their activities while their dephosphorylation by PTF^v results in down-regulation of 
IFNa signaling. Since sodium stibogluconate is a PTPase inhibitor, its activity to augment the 
anti-cancer effect of IFNa is likely mediated sequentially by inactivating PTPases to 1) increase 

1 5 and/or prolong tyrosine phosphorylation of one or more of the signaling proteins; 2) increase 
and/or prolong ISGF3 activity; or 3) increase the expression of selective or all ISGs. 

It is likely that sodium stibogluconate inactivates PTPases through covalent modification 
of the sulfhydryl group in a cysteine residue conserved in all PTPases based on several lines of 
supporting evidence. This is demonstrated in Fig. 3 A wherein sodium stibogluconate forms a 

20 stable complex and irreversibly inhibits PTPase PRL2 (it has also been shown for SHP-1). It was 
proposed, based on covalent bond formation between the pentavalent antimony in sodium 
stibogluconate with cellular proteins, that interactions of pc; valent antimony with key 
sulfhydryl groups of polypeptides may be a major mechanism of action. Importantly, the 
cysteine residue conserved in all PTPases plays a critical role in dephosphorylation and is the 

25 target of PTPase inhibitor pervanadate, which oxidizes the sulfhydryl group (-SH) of the residue 
to sulfonic acid (-SO3H) thus blocking the formation of the pVosphocysteine intermediate 
required for the dephosphorylation process. Therefore, sodium stibogluconate may inhibit 
PTPases via covalent modification of the sulfhydryl group in the 'steine residue with its 
carbohydrate moiety providing certain molecular configuration L brings the antimony into 

30 proximity of the cysteine residue at the catalytic pocket of PTPases. As the configuration of the 
catalytic pocket differs among PTPases, such a mode of action will also provide an explanation 
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of the differential sensitivities of PTPases to the inhibitor. Consistent with this hypothesis, and 
as discussed below, glucatime (pentavalent antimony conjugated to carbohydrates from 
methylglucamine) was found to have PTPase inhibitory activity that acted against a different 
spectrum of PTPases compared to sodium stibogluconate (our unpublished data). Sodium 
5 stibogluconate therefore represents a new class of PTPase inhibitors that could be further 
developed as novel therapeutics and experimental tools. 

While not wishing to be bound by theory, it appears sodium stibogluconate-induces 
covalent modification of SHP-1 in vitro by mass spectrometry. Again this principle is illustrated 
in Figure 3A. Mass spectrometry has also been used to detect a similar modification of PTPases 

1 0 by pervanadate. SHP-1 is chosen as it is sensitive to and forms stable complex with the drug in 
vitro. It is also one of the potential sodium stibogluconate targets in vivo given its role in down 
regulating IFN-induced signaling in hematopoietic cells although its absence in WM9 cells 
indicated other PTPases for mediating sodium stibogluconate action against WM9 tumors. The 
catalytic domain of SHP-1 needed for the study has been purified and used in preliminary 

15 studies. 

SHP-1 is protein tyrosine phosphatase that plays a pivotal role in down regulating 
signaling in hematopoietic cells. Deficiency of the phosphatase due to mutations in the SHP-1 
gene associates with heightened signaling in hematopoietic cells and leads to 
hyperresponsiveness of hematopoietic cells to a variety of extracellular stimuli, including 

20 cytokines, hematopoeitic growth factors and antigens. Thus drugs targeting the enzyme may 
effectively modulate activation, proliferation and immune responses of hematopoietic cells for 
therapeutic purposes. 

Protein tyrosine phosphatase assay kits and GST fusion protein of protein tyrosine 
phosphatase IB (PTP1B) were purchased from Upstate Biotechnology Inc. (UBI, Lake Placid, 

25 New York). Suramin and potassium antimonyl tartrate (PSbT) was purchased from Sigma (St. 
Louis, MO). Sodium stibogluconate (its Sb content is 100 mg/ml) was a gift from Dr. Xiaosu Hu 
(Sichuan Medical College, China). GST fusion proteins of SHP-1 and SHP-2 have been 
described previously and were prepared following established protocols. The GST fusion 
protein of SHP-1 cata was purified from DH5a bacteria transformed with a pGEX construct 

30 containing the coding region of the PTPase catalytic domain (amino acid 202 to 5 54) of murine 
SHP-1, derived by PCR from the murine SHP-1 cDNA. The GST fusion protein of MKP1 was 
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purified from DH5a bacteria transformed with a pGEX construct containing the coding region of 
MKP1 cDNA derived by RT-PCR using the following primers (MKP1/5, 
5'ctggatcctgcgggggctgctgcaggagcgc; MKP1/3, 5'aagtcgacgcagcttggggaggtggtgat). 

Murine IL-3, recombinant human GM-CSF and recombinant human IFNa have been 
5 described previously- Antibodies against phosphotyrosine (anti-ptyr, 4G10, UBI), P-actin 

(Amersham, Arlington Heights, IL), phosphotyrosine StatS (New England BioLab Inc, Beverly, 
MA) and Jak2 (Affinity BioReagents, Inc., Golden, GO) were purchased from commercial 
sources. 

In vitro PTPase activities were measured using the commercial protein tyrosine 

10 phosphatase assay kit (UBI) following established procedure. This assay measures the in vitro 
dephosphorylation of a synthetic phosphotyrosine peptide (R-R-L4-E-D-A-E-pY-A-A-R-G). 
Briefly, 0.01 ng of GST/PTPase fusion protein was incubated in 50 \d of Tris buffer (10 mM 
Tris, pH 7.4) containing different concentrations of inhibitors or chemicals (0 to 1,000 ng/ml) at 
22°C for 10 minutes, followed by addition of 0.2 mM of the phosphotyrosine peptide and 

15 incubation at 22°C for 18 hours. 100 \il of Malachite Green sci auon was added and incubated 
for 5 minutes, and the absorbance at 660 nm was measured after 5 minutes. 

To assess the reversibility of inhibition of SHP-1 by PTPase inhibitors, GST/SHP-1 
fusion protein bound on glutathione beads were pre-incubated in cold Tris buffer or Tris buffer 
containing the PTPase inhibitors at 4°C for 30 minutes. The beads were then washed 3 times in 

20 Tris buffer or without washing prior to in vitro PTPase assays. 

The murine hematopoietic cell line Baf3 was maintained in RPMI 1640 medium 
supplemented with 10% fetal calf serum (FCS) and murine IL-3 (20 units/ml) as described 
previously. Human myeloid cell line TF-1 was maintained in RPMI 1640 supplemented with 
10% FCS and 40 ng/ml of recombinant human GM-CSF as described previously. For cell 

25 proliferation assays, cells were washed in 10% FCS medium twice, resuspended in 10% FCS 
medium, incubated at 37°C for 16 hours and then cultured at 37°C in 10% FCS medium 
containing various amounts of cytokines, sodium stibogluconate, or PSbT for 3-6 days as 
indicated. The cell numbers in proliferation assays were determined by an MTT assay or by 
microscopic cell counting as indicated. 

30 For induction of cellular protein phosphorylation by sodium stibogluconate or 

pervanadate, BaD cells were incubated in 0.1% FCS RPMI 1640 medium at 37°C for 16 hours. 
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The cells were then washed twice in RPMI 1640 medium and incubated with sodium 
stibogluconate or pervanandate (0. 1 mM) for various times prior to termination by lysing cells in 
cold lysis buffer (50 mM Tris, pH 7.4; 150 mM NaCl; 0.2 mM Na3V04; 20 mm NaF; 1% NP40; 
2 mM PMSF; 20 jig/ml of aprotinin and 1 mM of sodium molybdic acid). To determine the 
5 effect of sodium stibogluconate or potassium antimonyl tartrate on IL-3-induced Jak/Stat 

phosphorylation, BaO cells were deprived of the growth factor for 16 hours in 0.1% FCS RPMI 
1640 medium and then incubated with or without sodium stibogluconate or potassium antimonyl 
tartrate for 10 minutes. IL-3 was next added to the cell suspension and incubated for various 
times. The cells were then harvested and lysed in cold lysis buffer at 4°C for 45 minutes. Total 

10 cell lysates (TCL) were separated in SDS-PAGE gels, blotted onto nitrocellulose membrane 
(Schleicher & Schuell), probed with specific antibodies and detected using an enhanced 
chemiluminescence kit (ECL, Amersham). 

Through screening various chemical compounds by in vitro PTPase assays, sodium 
stibogluconate was identified as an inhibitor of PTPases. As shown in Fig. 4A, the 

1 5 dephosphorylation of a synthetic phosphotyrosine peptide by the GST/SHP- 1 fusion protein was 
almost completely blocked (99%) by sodium stibogluconate at 10 ug/ml. Sodium stibogluconate 
also inhibited SHP-2 and PTP1B. However, approximately 10 fold higher concentrations of the 
drug (100 ug/ml) were required to achieve a similar degree (about 99%) of inhibition of the two 
PTPases (Figure 4A). Inhibition of SHP-1 by the known PTPase inhibitor suramin was less 

20 effective under comparable conditions (Figure 4B). The drug showed no obvious inhibitory 
activity against MKP1, a dual-specificity protein tyrosine phosphatase (Figure 4C). Under the 
experimental conditions, the GST fusion proteins of SHP-1, SHP-2, PTP1B and MKP1 showed 
similar PTPase activities against the peptide substrate (OD 660nm absorbance approximately 0^6 
above background (0.03)) in the absence of inhibitors. 

25 Substrate dephosphorylation is mediated by the PTPase catalytic domain, the activity of 

which is often regulated by flanking N-terminal and C-terminal regions. To define whether 
sodium stibogluconate inhibits PTPases through targeting the PTPase catalytic domain or via the 
flanking regulatory regions, we compared the effect of sodium stibogluconate on the GST/SHP-1 
fusion protein and the GST/SHP- lcata fusion protein which contains the PTPase catalytic 

30 domain but has the SH2 domains and the C-terminal region deleted (Figure 5 A). Sodium 

stibogluconate showed similar activities in inhibiting the two proteins in their dephosphorylation 
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of the phosphotyrosine peptide substrate in vitro (Figure 5B), demonstrating that inhibition of 
SHP-1 PTPase activity by sodium stibogluconate does not require the SHP-1 SH2 domains and 
the C-terminal region. These results provide strong evidence that sodium stibogluconate directly 
targets the SHP-1 PTPase catalytic domain. 
5 A functional role of SHP-1 in dephosphorylating the Jak family kinases during cytokine 

signaling has been documented. To determine whether sodium stibogluconate inhibits SHP-1 in 
vivo, the effect of the drug on IL-3-induced Jak2 tyrosine phosphorylation in BaG cells was 
examined. Ba£3 cells deprived of BL-3 were incubated with or without the drug for 10 minutes 
and then stimulated with IL-3 for various times. BL-3 induced tyrosine phosphorylation of Jak2 

10 and StatS in BaG cells in the presence or absence of the drug. However, the phosphotyrosine 
levels of Jak2 and Stat5 in the presence of the drug were about twice of those in cells without 
drug treatment as determined by densitometry analysis. 

In cells unstimulated by DL-3, tyrosine phosphorylation of the two proteins was 
undetectable in the presence or absence of the drug. Prolonged incubation with the drug alone at 

15 37°C for 16 hours also failed to induce Jak2/Stat5 tyrosine phosphorylation. 

SHP-1 is known to down-regulate cytokine signaling as demonstrated by the 
hyperresponsi rness of SHP-1 -deficient cells to various cytokines, including EL-3. The 
inhibitory activity of sodium stibogluconate against SHP-1 predicted that the drug would 
augment IL-3-induced proliferation of Baf3 cells. Indeed, IL-3-induced Baf3 proliferation was 

20 increased in the presence of sodium stibogluconate at 0.3 to 200 |xg/ml with the maximal effect 
concentration about 40 jig/ml. This modest increase was consistently detected in two separate 
experiments. At a higher concentration (1,000 fig/ml), the drug suppressed IL^3-induced BaG 
growth. This growth promoting activity of the drug was apparent at suboptimal (3.3 or 10 
units/ml), but not optimal (30 unit/ml), amounts of IL-3. In the absence of DL-3, sodium 

25 stibogluconate failed to support cell proliferation or maintain cell viability in day 3 culture. 

Sodium stibogluconate augments the opposite effects of GM-CSF and IFNa on the 
proliferation of TF-1 cells. The Jak/Stat signaling pathways transduce signals initiated by 
cytokines that often have opposite effects on cell growth. The human myeloid leukemia cell line 
TF-1 responds to both GM-CSF, which promotes proliferation, and IFNa, which inhibits cell 

30 growth. To determine whether the effect of the PTPase inhibitor is unique for the IL-3 -initiated 
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signaling events or affects other cytokines, we examined the growth responses of TFl <;ells to 
GM-CSF and IFNa in the presence or absence of sodium stibogluconate. 

Proliferation of TF-1 cells was induced by suboptimal concentrations of GM-CSF (5-40 
ng/ml) in a dose-dependent manner. This proliferation of TF-1 cells was augmented in the 
presence of sodium stibogluconate at 50 ug/ml. No viable cells were detected in the cultures 
lacking GM-CSF in the presence or absence of the drug. These results demonstrated that sodium 
stibogluconate augmented the growth promoting activity of GM-CSF in TF-1 cells but could not 
substitute the growth factor for maintaining cell viability or promoting growth under the 
experimental conditions. 

In the presence of IFNa, GM-CSF-induced proliferation of TF-1 cells was suppressed. 
Further reduction of GM-CSF-induced cell growth was detected in cultures containing both 
IFNa and sodium stibogluconate (50 ug/ml), indicating that the growth inhibition activity of 
IFNa was enhanced in the presence of the drug. Since the enhanced growth inhibition of IFNa 
by the drug occurred in the presence of GM-CSF, it indicated the dominance of the synergy 
between IFNa and the drug over the activity of the drug in augmenting GM-CSF mitogenic 
signaling under the experimental conditions. 

The activity of sodium stibogluconate in augmenting GM-CSF-induced TF-1 
proliferation was dose-dependent, with the optimal activity at 50 ug/ml. On the other hand, 
more dramatic growth inhibition in the presence of IFNa occurred at higher concentrations of the 
drug. Since the drug at low doses (12.5-50 ug/ml) showed no negative effect on GM-CSF- 
induced cell growth, its effect at such doses in augmenting IFN-induced growth inhibition was 
likely resulted from specific enhancement of IFN signaling. On the other hand, non-specific 
toxicity of drug at higher doses in combination with IFNa might have contributed to the more 
dramatic growth inhibition. 

Sodium stibogluconate inactivates intracellular PRLs in NIH3T3 transfectants. The 
effects of sodium stibogluconate on intracellular PRL phosphatases were next investigated to 
determine whether sodium stibogluconate is an inhibitor of PRLs in vivo . 

An expression construct of Flag-tagged PRL-1 or control vector was transfected into 
NIH3T3 cells which were then treated without or with sodium stibogluconate and used for 
immunoprecipitation assays with a monoclonal anti-Flag antibody. The immunocomplexes were 
analyzed by SDS-PAGE/Westem blotting and PTPase assays. A Flag-tagged protein with a 
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molecular weight approximately 22 kDa as expected for Flag-PRL-1 was detected in the 
immunocomplexes from untreated or sodium stibc donate -treated Flag-PRL-1 transfectants 
but not in those from the control cells (Fig. 6 A). Immunocomplexes from untreated Flag-PRL-1 
transfectants showed a markedly higher PTPase activity(~ 23 folds) over that of control 
5 transfectants (Fig. 6B). In contrast, immunocomplexes from sodium stibogluconate -treated 
Flag-PRL-1 transfectants had little PTPase activities that were at levels similar to those of the 
control cells (Fig. 6B). Such a lack of PTPase activity was also evident in the immunocomplexes 
from sodium stibogluconate -treated NIH3T3 transfectants of Flag-PRL-2 or Flag-PRL-3 
although Flag-tagged PRLs were present at similar levels in the immunocomplexes from the 
10 untreated or sodium stibogluconate -treated cells (Fig. 6). 

These results demonstrated that sodium stibogluconate treatment inactivated intracellular 
PRLs in the transfectants , indicating that sodium stibogluconate is an effective inhibitor of PRL 
phosphatases in vivo 

sodium stibogluconate induces prolonged PRL-2 inactivation in NIH3T3 transfectants. 
15 111 light of the observation that sodium stibogluconate inactivates intracellular PR the 

issue of the duration of sodium stibogluconate -induced inactivation of PRLs was addressed. 
Since sodium stibogluconate was equally effective against each of the PRLs (Fig. 6 A), the 
duration of sodium stibogluconate -induced inaction of a single PRL in NIH3T3 transfectants 
was determined. 

20 Flag-PRL-2 transfectants were briefly treated with sodium stibogluconate for 5 minutes, 

washed to remove cell-free drug and then incubated for various times prior to termination by cell 
lysis. Anti-Flag immunocomplexes from the cells were analyzed by SDS-PAGE/Western 
blotting and PTPase assays. The amounts of Flag-PRL-2 proteins in the immunocomplexes were 
at similar levels as quantified by probing with an anti-Flag antibody. Immunocomplexes from 

25 cells treated with sodium stibogluconate showed a markedly reduced PTPase activity in 
comparison to that from the control, consistent with inactivation of PRL-2 by sodium 
stibogluconate treatment. Immunocomplexes from cells incubated for different times following 
sodium stibogluconate -treatment and cell washing showed a gradual increase of PTPase activity 
in a time-dependent manner above the level of sodium stibogluconate-treated cells. PTPase 

30 activity of the immunocomplexes from cells incubated for 24 hours was 78% of the untreated 
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cells. Immunocomplexes from cells incubated for 48-72 hours showed PTPase activities similar 
to that of the untreated cells. 

These results demonstrated a prolonged inhibitory effect of the brief sodium 
stibogluconate treatment on intracellular PRL-2 activity that required at least 24 hours for its full 
5 removal in NIH3T3 transfectants. 

Sodium stibogluconate inactivates intracellular PRL-2 but not MKP1 in WM9 human 
melanoma cells. Sodium stibogluconate showed striking activity against WM9 human melanoma 
cells in vitro and WM9 tumors in mice. These observation prompted us to further investigate 
whether sodium stibogluconate functions as a PTPase inhibitor in WM9 cells. For this, we 

1 0 determined the effects of sodium stibogluconate on the PTPase activity of Flag-PRL-2 
phosphatase and MKP1 phosphatase in WM9 ceils. 

Flag-PRL-2 protein was detected in anti-Flag immunocomplexes from WM9 cells 
tranfected with an expression construct of Flag-PRL-2 but not in those from vector transfectants 
expected. Immunocomplexes from untreated Flag-PRL-2 transfectants showed significant 

1 5 PTPase activity in comparison to that of the control. However, immunocomplexes from sodium 
stibogluconate-treated Flag-PRL-2 transfectants had only low levels of PTPase activity similar to 
the background of the control, demonstrating inactivation of Flag-PRL-2 in sodium 
stibogluconate-treated WM9 cells. In contrast, MKP1 immunoprecipitated from untreated or 
sodium stibogluconate-treated WM9 cells showed similar PTPase activity, indicating that 

20 sodium stibogluconate had no marked effects on MKP1 PTPase activity in the cancer cells. 

These results demonstrated that sodium stibogluconate functioned as a specific inhibitor 
against PRL-2 but not MKP1 in the human cancer cells. Given the oncogenic activity of PRLs, 
their inaction in cancer cells by sodium stibogluconate could be an important mechanism of 
sodium stibogluconate anti-cancer activity. The fact that MKP1 was not inactivated by sodium 

25 stibogluconate in the cancer cells provides evidence that sodium stibogluconate acts against only 
selective PTPase in vivo. It also demonstrates a correlation between sodium stibogluconate 
inhibitory activity in vitro and in vivo. PTPases (e.g., PRLs) sensitive to sodium stibogluconate 
inhibition in vitro are also sensitive to the inhibitor in vivo while the ones (e.g., MKP1) 
insensitive the sodium stibogluconate in vitro are not inhibited by the drug in vivo. 

30 Sodium stibogluconate is of Sb-V form which transforms inside cells into Sb-IE form 

that can affect leishmania growth. Therefore, the activity of potassium antimonyl tartrate (PSbT) 
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of Sb-III form in inhibiting PTPases in vitro and in vivo was deformed. Unlike sodium 
stibogluconate, PSbT at 1-1,000 n.g/ml showed no detectable inhibition of PTPases SHP-1 and 
PTP1B in vitro. It also failed to enhance LL-3-induced StatS phosphorylation or IL-3-induced 
proliferation of Baf3 cells, indicating its lack of inhibitory activity against PTPases in vivo. 
5 Interestingly, it showed marked toxicity against Baf3 cells. The results together indicate iiat 

only the Sb-V form acts as a PTPase inhibitor which is inactivated when transformed ir; die Sb- 
III form. 

The presented data provide the first evidence that sodium stibogluconate is a potent 
inhibitor of protein tyrosine phosphatases in vitro and in vivo. Sodium stibogluconate inhibited 

10 the dephosphorylation of a synthetic phosphotyrosine peptide substrate by protein tyrosine 

phosphatases (SHP-1, SHP-2 and PTP1B) in in vitro PTPase assays. The dephosphorylation of 
pNPP (p-nitrophenyl phosphate, Sigma) by these PTPases in vitro was also similarly inhibited by 
the drug. The inhibitory activity of the drug against PTPases in vivo was indicated by the rapid 
induction of protein tyrosine phosphorylation of the two yet-unidentified cellular proteins of 56 

15 and 32 kDa in Baf3 cells. Interestingly, proteins of similar molecular weights had been found to 
be hyperphosphorylated in SHP-1 deficient cells in previous studies. Induced cellular protein 
tyrosine phosphorylation was less dramatic with prolonged drug incubation, suggesting that the 
drug may be unstable under the experimental conditions or that the drug may sequentially 
inactivate PTPases with opposite effects on the phosphorylation of the cellular proteins. In this 

20 regard, it is interesting that PTPases were inhibited by the Sb-V form of sodium stibogluconate 
which is known to transform in cells to the Sb-III form that failed to show PTPase inhibitory 
activity. The intracellular transformation therefore could result in inactivation of the PTPase 
inhibitor and may account for the drug's modest and transient induction of tyrosine 
phosphorylation and modest effect on cell proliferation. This may have a beneficial side as it 

25 may be related to the lower toxicity of the drug in comparison to other PTPase inhibitors that 
allows its clinical application. 

The inhibitory activity of sodium stibogluconate against PTPases in vivo was further 
indicated by the augmentation of IL-3-induced Jak2/Stat5 phosphorylation and fL-3-induced 
proliferation of Baf3 cells. It was previously shown that SHP-1 dephosphorylai the Jak family 

30 kinases to down regulate signaling initiated by cytokines. Among the Jak kinases, IL-3 

specifically activates the Jak2 kinase which phosphorylates the Stat5 protein to regulate gene 
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expression. The observation that sodium stibogluconate augmented IL-3-induced Jak2/Stat5 
tyrosine phosphorylation and IL-3-induced proliferation of BaO cells is therefore consistent with 
inhibition of SHP-1 by the drug in vivo. However, it remains possible that the effect of the drug 
on IL-3-induced Jak2/Stat5 phosphorylation and cell proliferation involves additional PTPases 
5 (e.g., the CD45 PTPase) that participate in dephosphorylating the Jak kinases. Indeed, sodium 
stibogluconate augmented G-CSF-induced Tyk2/Stat3 tyrosine phosphorylation in SHP-1 - 
deficient cells. The enhancement of IL-3-induced Jak2/Stat5 tyrosine phosphorylation by the 
drug was more dramatic in later time points post IL-3 stimulation, indicating induction of 
extended period of phosphorylation by the drug. Such an effect of the drug suggests its targeting 
10 of PTPases recruited to Jak2/Stat5 at the later time points post IL-3 stimulation to inactivate the 
signaling molecules. 

Inhibition of PTPases in vivo by sodium stibogluconate was also consistent with the 
observation that the drug augmented the opposite effects of GM-CSF and IFNa on TF-1 cell 
proliferation. In particular, the observation suggested that the drug targeted PTPases which 

15 dephosphorylate shared signaling molecules (e.g., the Jak family kinases) utilized by both GM- 
CSF and IFNa. Such a putative mechanism would explain the cytokine-dependent effects of the 
drug: its inhibition of PTPases leads to amplification of both mitogenic and growth inhibitory 
signals initiated by GM-CSF and IFNa, respectively. It also suggests that drug may have broad 
activities in augmenting the signaling of various cytokines. It is worth noticing that SHP-1 has 

20 been shown in previous studies to down regulate the signaling of GM-CSF and IFNa. It was 
reported that macrophages from SHP-1 -deficient mice show approximately 2 fold increase of 
GM-CSF-induced cell growth in comparison to controls. This level of growth increase is similar 
to the increase of GM-CSF-induced TF-1 cell growth in the presence of sodium stibogluconate, 
consistent with inhibition of SHP-1 by the drug. In light of the pathogenic effect of SHP-1 - 

25 deficient monocytes/macrophages in the fatal motheaten phenotype, it is possible that the 

apparently modest effect of the drug on GM-CSF-induced cell growth could have significant 
biological consequences in vivo. 

The results also suggest that inhibition of PTPases by sodium stibogluconate at 
therapeutic concentrations to increase Jak/Stat phosphorylation and cellular responses to 

30 cytokines may be a major factor responsible for the pharmacological effect of the drug in the 
treatment of leishmaniasis. Among the cytokines that depend on Jak/Stat pathways for signal 
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transduction, IFN-y plays an important role in eliminating intracellular leishmania. Moreover, 
impaired IFN-7 signaling was detected in leishmania-infected macrophages and was associated 
with activation of SHP-1 by the parasite. Therefore, it could be postulated that sodium 
stibogluconate may augment IFN-y signaling in macrophages via inhibiting SHP-1 (and other 
5 PTPases) and contribute to the clearance of intracellular leishmania. 

The mechanism through which the drug inhibits PTPases is likely by targeting the 
PTPase catalytic domain of the enzymes. The drug was effective in inhibiting both the wild type 
SHP-1 and the SHP- 1 mutant containing the PTPase domain without the flanking N-terminal 
SH2 domains or the C-terminal region that regulate SHP-1 activity. This mechanism is also 

10 consistent with the observation that the drug inhibited PTP1B which, except for its PTPase 

catalytic domain, has no ev ?nt structure similarity with SHP-1 and SHP-2. In this regard, it is 
not unexpected that the dr; iowed no obvious activity against MKP1 since the amino acid 
sequence and structure of the catalytic domain of dual specificity phosphatases are substantially 
different from those of the tyrosine specific PTPases. Such a mechanism also suggests that the 

15 drug may have inhibitory activities against all tyrosine specific PTPases that have the conserved 
PTPase catalytic domain. Results of our studies rr 3vide novej aisights into the anti-cancer 
mechanisms of sodium stibogluconate that involves inactivation of different PTPases in cancer 
cells. The ability of sodium stibogluconate to synergize with IFNs is likely mediated by 
inactivation of PTPases regulating the Jak/Stat pathway, resulting in augmentation of EFN 

20 signaling, sodium stibogluconate enhanced IFNa-induced Statl phosphorylation that coincided 
with its inhibition of intracellular SHP-1 and SHP-2 in cancer cells. Since both of the PTPases 
are known to be negative regulators of IFN signaling, their inhibition by sodium stibogluconate 
in cancer cells would result in augmentation of IFN-induced signaling and IFN anti-cancer 
activity. Such a mode of action is also consistent with the observation that sodium 

25 stibogluconate as a single agent inhibited the growth of 5637 bladder cancer cells but failed to 
interact with IFNa against these cells in which DFN signaling pathway has a defect down stream 
of Jak/Stat molecules. In contrast, the anti -cancer activity of sodium stibogluconate as a single 
agent functioned independently of IFNa signaling and its negative regulatory PTPases since 
sodium stibogluconate alone failed to induce Statl tyrosine phosphorylation. The ability of 

30 sodium stibogluconate as a single agent to increase cellular protein tyrosine phosphorylation in 
WM9 cells suggests that sodium stibogluconate might inactivate other PTPases that mediate its 
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anti-cancer activity as a single agent. Further studies to characterize the sodium stibogluconate - 
inducible phosphotyrosine proteins will help to elucidate the mechanism. 

Our finding that sodium stibogluconate is a potent and clinically usable inhibitor of 
PTPases with anti-cancer activity opens up potential new research areas for further mechanistic 
studies and for the development of more specific and effective PTPase inhibitors as targeted 
therapeutics. Sodium stibogluconate is a heterogeneous mixture of pentavalent antimony 
conjugated to carbohydrates from gluconic acid. The ability of antimony to form covalent bonds 
with sulfhydryl group and the existence of a conserved active site cysteine residue in catalytic 
pockets of all tyrosine phosphatases suggest involvement of modification of the cysteine residue 
by pentavalent antimony in sodium stibogluconate as an inactivation mechanism. Since only 
selective higher molecular weight compounds in sodium stibogluconate were effective as PTPase 
inhibitors (Fig. 6), it suggests that only antimony conjugated with carbohydrates in a specific 
configuration may gain assess to the PTPase catalytic pockets and allow optimal 
antimony/cysteine interaction, resulting in modification of the cysteine residue and PTPase 
inactivation. Such an inhibitory mechanism could provide a rational explanation for the 
differential sodium stibogluconate -sensitivities of PTPases, each of which possesses a catalytic 
pocket of unique geometry for specific interaction with its substrates. It might therefore be 
feasible to develop more specific and effective inhibitors as phosphatase-targeted anti-cancer 
therapeutics through screening of sodium stibogluconate -related chemical compounds 
comprised of antimony conjugated to different organic moieties. Consistent with this hypothesis, 
glucatime (pentavalent antimony conjugated to carbohydrates from methylglucamine) was 
found to have PTPase inhibitory activity that acted against a different spectrum of PTPases 
compared to sodium stibogluconate (our unpublished data). Sodium stibogluconate may 
therefore represent a new class of PTPase inhibitors that could be further developed as novel 
therapeutics and experimental tools. 

Our observation that the PTPase inhibitory activity of sodium stibogluconate 
predominantly associated with a small fraction (<10%) of the total compounds in the drug and 
could be separated from most of the inactive ones based on its higher molecular weight is also 
significant in further development of sodium stibogluconate as a novel anti-cancer drug. 
Interestingly, some lots of sodium stibogluconate with diminished polymerization as indicated by 
higher osmolalities were reported to have markedly increased toxicity and poor clinical 
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outcomes, suggesting that tower molecular weight compounds in sodium stibogluconate are 
mainly responsible for the drug's toxicity and possess little therapeutic activity. These 
observations together suggest that the higher molecular weight compounds purified from sodium 
stibogluconate might be less toxic and more potent as PTPase-targeted therapeutic for cancer 
5 treatment. The procedures developed in this study to separate sodium stibogluconate based 

differential molecular weights of the compounds provide a basis for further investigatk sn this 
regard. 

Demonstrated differential sensitivities of PTPases to the drug in vitro suggest similar 
differential sensitivities of PTPases in vivo, which may explain the dose-dependent effe of the 
10 drug on IL-3-induced cell proliferation and the known clinical n sffect of the drug at higher 
dosages. Sodium stibogluconate augmented IL-3-induced Bai3 J iteration a? therapeutic 
concentrations and suppressed cell growth at higher dosages. Effects of the drug at higher 
dosages may be related to inhibition of PTPases that are only sensitive to the drug at higher 
concentrations. 

1 5 Importantly, the finding that sodium stibogluconate was a potent inhibitor of PTPases and 

an enhancer of cytokine signaling suggest potential novel clinical applications for the drug in a 
variety of situations in which increased cytokine responses are beneficial. It is tempting to 
speculate co-ad^ninistration of the drug with cytokines will improve the efficacy of existing 
cytokine therapies and reduce side effects and costs associated with cytokine therapies. 

20 Moreover, the drug by itself may have therapeutic effects through inhibiting PTPases to change 
the balance of intracellular tyrosine phosphorylation that controls cell proliferation, 
differentiation and functional activities. In this regard, it is worth noticing that suramin is 
presently being evaluated in clinical trials for the treatment of prostate cancer and other solid 
tumors. As sodium stibogluconate appeared to be a more efficient inhibitor of PTPases than 

25 suramin, it has the potential to become a better drug for effective treatment of these diseases. 

PTPase inhibitor sodium stibogluconate induces differentiation of human myeloid 
leukemia cell lines in vitro. Acute myeloid leukemia (AML) is characterized by the 
accumulation of myeloid blast cells that are arrested at various differentiation stages and unable 
to terminally differentiate. Based on morphology, cytochemistry, immunological markers, and 

30 cytogenetics, AML can divided into distinct subclasses according to the French-American- 
British (FAB) classification. Treatment for most subclasses of AML is unsatisfactory. It usually 
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includes intensive chemotherapy administered as induction treatment to induce complete 
hematological remission and consolidation therapy to eradicate residual disease. Consolidation 
therapy with chemotherapy alone or in combination with autologous stem cell transplantation is 
associated with a relatively high risk of relapse and a longterm disease-free survival of less than 
50%. Consolidation therapy with allotransplantation has a lower relapse risk but a higher 
treatment-related mortality. 

Potential of differentiation induction therapy in AML treatment is highlighted by the 
recent success of all-fra/w-retinoic acid (ATRA) in the treatment of acute promyelocytic 
leukemia (APL, M3 subclass). All-fra/w-retinoic acid (ATRA), nitroblue tetrazolium (NBT), 
and 12-0-tetradecanoylphorbol-13-acetate (TP A) were purchased from Sigma (Sant Louis, MO). 
Sodium stibogluconate and recombinant human GM-CSF have been described previously. 
ATRA has been shown to induce complete remission and increased long term APL-free survival 
exceeding 75%. This therapeutic effect of ATRA derives from its activity in inducing terminal 
differentiation of APL cells through its binding to aberrantly generated chimeric proteins of 
retinoic acid receptor a (RARa) that results in degradation of the chimeric proteins and altered 
transcription regulation. As generation of chimeric proteins of RARa is restricted to APL cells, 
differentiation induction therapy with ATRA showed only limited benefit in the treatment of 
other AML subclasses. Moreover, ATRA differentiation induction therapy works well only in a 
subset of APL cases with translocation but showed little or no effect on those with translocation. 
Therapeutic use of ATRA is further compromised by serious systemic toxicity and induced 
ATRA resistance. Nevertheless, the marked success of ATRA in the subgroup of APL cases has 
provided evidence indicating the efficacy of differentiation induction therapy in AML treatment 
and prompted extensive efforts to identify other differentiation induction therapeutics. Several 
candidates were reported recently, including arsenic derivatives and histone deacetylase 
inhibitors. Although a number of hematopoietic growth factors and cytokines used alone or in 
combination with other reagents are known to promote myeloid differentiation, their clinic usage 
in AML treatment is controversial due to marked variations in the responses of AML cells to the 
ligands. 

Several lines of evidence have indicated that AML cell differentiation is affected by 
cellular protein tyrosine phosphorylation regulated by the balance of protein tyrosine kinases 
(PTKs) and protein tyrosine phosphatases (PTPases). Granulocytic maturation of HL-60 
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promyelocytic leukemia cells was shown to produce a decrease in cellular protein tyrosine 
phosphorylation and increases in both tyrosine kinase and protein phosphotyrosine phosphatase 
activities. HePTP amplification and overexpression were found in AML cells and cell lines anft 
may contribute to abnormal AML cell growth and arrest of differentiation. The involvement of 
5 hematopoietic cell phosphatase SHP-1 was indicated by its increased expression during HL-60 
cell differentiation and its inhibition of Epo-induced differentiation of J2E leukemic cells. 
Interestingly, PTK inhibitor STI571 was shown to enhance ATRA-induced dti'- entiation of 
APL cells although it alone had no differentiation induction activity. So far, induction of AML 
cell differentiation by PTPase inhibitors has not been reported, 

10 Cell lines, cell culture, and cell proliferation assay, The NB4 cell line was a gift from Dr. 

Dan Lindner of CCF. HL60 and U93 7 cell lines were purchased from ATCC These human 
AML ceil lines were maintained in RPMI 1640 medium supplemented with 10% fetal calf serum 
(FCS or cell proliferation assays, cells were cultured at 37°C in 10% FCS medium containing 
various amounts of sodium stibogluconate for 6 days. The call numbers in the cultures were 

15 determined by an MTT assay as described previously. 

Differentiation of AML cell lines was assessed by their ability to produce superoxide as 
measured by reduction of NBT to formazan and by analysis of expression of CD1 lb surface 
marker by flow cytometry. For NBT reduction, each cell suspension was mixed with an equal 
volume of solution containing 1 mg/ml of NBT (Sigma) and 2.5 jig/: of TP A for 30 minutes at 

20 37°C After incubation, cells containing the purple formazan deposits and cells devoid of NBT- 
reducing activity (white cells) in each sample were determined by counting 200 cells under 
microscope. We expressed the data as percentage of the following ratio: purple cells rple + 
white cells. For analysis of cell surface antigens, cells were exposed to phycoerythru; *E)- 
conjugated murine anti-human CD1 lb (DAKO corp, Carpinteria, CA). Analysis of fluorescence 

25 was performed on a FACScan flow cytometer (Beckton Dickinson, Mountain View, CA). The 
cell cycle was analyzed by flow cytometry after 3 days of culture of NB4 cells in the absence or 
presence of sodium stibogluconate (250 ng/ml) or ATRA (1 jiM). Briefly, the cells were fixed 
in cold ethanol and incubated for 30 minutes at 4°C in the dark with a solution of 50 mg/ml 
propidium iodide, 1 mg/ml RNase and 0. 1% NP-40. Analysis was performed immediately after 

30 staining using the CELLFIT program (Becton Dickinson, Mountain View, CA). 
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Detection of apoptotic cells by Annexin V/propidium iodide assay. Annexin V staining 
of exposed membrane phospholipid phosphatidylserine (PS) was done using the Annexin V 
assay kit (Pharmingen, San Diego, CA). Briefly, NB4 cells were cultured in the 10% FCS RPMI 
1640 medium in the absence or presence of sodium stibogluconate (250 ug/ml) or ATRA (1 U M) 
for 3 days. Cells were then washed in PBS twice and stained in binding buffer (10 tnM Hepes, 
pH 7.4; 140 mM NaCl; 2.5 mM CaC12) containing Annexin V-FITC and propidium iodide for 
15 min. The reaction was stopped by adding 10 volumes of binding buffer and analyzed by 
FACS (Becton Dickinson Facsvantage). 

Sodium stibogluconate induces differentiation of AML cell line NB4 in a dose- and time- 
dependent manner. Sodium stibogluconate induced NB4 ceil differentiation in dose- and time- 
dependent manner as indicated by the increase of NBT positive cells in the presence of the drug. 
Sodium stibogluconate-induced NB4 cell differentiation is associated with cell growth arrest at S 
phase and increased cell death. Proliferation of NB4 cells was markedly inhibited in the 
presence of sodium stibogluconate at all the dosages that were examined (12.5-400 ug/ml). Cell 
DNA content analysis showed a significant increase of cells at S phase in the NB4 cells treated 
with sodium stibogluconate (250 ug/ml) for 3 days. In contrast, NB4 cells cultured in the 
presence of ATRA (1 uM) for 3 days were arrested at Gl phase. These results demonstrated that 
sodium stibogluconate induced NB4 cell growth arrest at S phase and had a cytotoxic effect 
against the cells. 

Our results suggest that sodium stibogluconate may be effective in inducing 
differentiation of AML cells of different FAB classes. This is indicated by its differentiation 
induction activity in the AML cell lines that represent M3 (NB4 and HL-60) and M5 (U937) 
subclasses. It is supported by its effect in inducing differentiation of human AML cell line 
AML-3, which represents the M2 subclass. Since sodium stibogluconate is a PTPase inhibitor, it 
is expected that sodium stibogluconate induces differentiation via directly targeting a PTPase or 
PTPases in AML cells. Such a mechanism apparently functions independently of the 
PML/RARa chimeric protein, a major target of ATRA that is degraded in ATRA-treated NB4 
cells. This is evident as sodium stibogluconate had no detectable effect on the expression levels 
of PML/RARa chimeric protein in NB4 cells and did not synergize with ATRA in 
differentiation induction. This distinct mechanism of sodium stibogluconate in differentiation 
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induction suggests that sodium stibogluconate may be particularly useful in AML cases 
unresponsive or developed resistance to ATRA treatment. 

It is likely that the key sodium stibogluconate target in AML differentiation is among the 
PTPases that are relatively insensitive to the drug. This is based on the previous observation of 
5. differential sensitivities of PTPases to the inhibitor, with complete inhibition of sensitive 
PTPases (e.g., SHP-1) by sodium stibogluconate at 10 fig/ml and a similar inhibition of 
insensitive PTPases at more than 100 jigfail.' And it is supported by the data presented here that 
the optimal dosage of sodium stibogluconate in inducing AML cell differentiation is at levels 
more than 100 jig/ml. In this regard, the involvement of amplification and over expression of 
10 HePTP in AML is interesting and suggests the PTPase as a candidate target of the drug. 

Characterization of PTPase expression profiles of sodium stibogluconate-sensitive and sodium 
stibogluconate-resistant AML cell lines will help to identify the putative PTPase target in AML 
differentiation. 

The optimal dosage of sodium stibogluconate for inducing differentiation of NB4 and 

15 HL-60/U937 cells is 250 fig/ml and 400 fig/ml respectively. The standard dosage fo: ieishmania 
treatment is 10-20 mg/kg/day resulting in 10 ng/ml or more serum levels. However, higher drug 
dosages may be clinically achievable and tolerated since doses as high as 80-143 mg/kg had been 
used in leishmania treatment. Nevertheless, even standard dosage of sodium stibogluconate may 
have certain therapeutic benefit as the drug at lower dosages (e.g., 10 jig/ml) showed 

20 differentiation induction activity in AML cells. Further studies using mouse models of AML are 
needed to verify the differentiation induction activity of the drug and to determine the toxicity of 
the drug at the optimal dosages in vivo. 

The observation that GM-CSF augments sodium stibogluconate-induced differentiation 
of HL-60 and U937 suggest the potential clinical use of the two reagents in combination in AML 

25 treatment. Such an interaction between sodium stibogluconate and GM-CSF is not unexpected 
given the activity of the drug in augmenting GM-CSF signaling and the biological effect of the 
cytokine on myeloid cells. However, combination usage of sodium stibogluconate and GM-CSF 
may only benefit a subgroup of AML cases as a positive interaction between the two eagents in 
differentiation induction was not detected in NB4 cells, which were not responsive \, :\c 

30 cytokine. Moreover, sodium stibogluconate may also interact with other cytokines in 
differentiation induction of AML cells. G-CSF and EFNs were reported to potentiate 
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differentiation of AML cells. Like GM-CSF, the two cytokines signal through the Jak/Stat 
pathway that could be augmented by sodium stibogluconate. 

The demonstrated activity of sodium stibogluconate in inducing differentiation of AML 
cells also suggests the potential of other PTPase inhibitors in inducing AML cell differentiation 
5 and in differentiation induction therapy for AML. While most of the known PTPase inhibitors 
(e.g., sodium vanadate and sodium iodo-acetic acid) are toxic and less appealing for clinical 
application, a number of newly identified PTPase inhibitor are promising. Suramin is a drug 
used in the treatment of trypanosomiasis and onchocerciasis and was shown recently to be a 
PTPase inhibitor. It was found to have anti-tumor activity against solid tumors in vitro and in 

10 vivo and is currently in clinical trials. Given the marked success of PTK inhibitor STI571 in the 
treatment of chronic myelogenous leukemia, it is tempting to speculate that PTPase inhibitors 
may emerge as novel therapeutics for malignant diseases in the near future. 

PTPase inhibitor sodium stibogluconate inhibits the growth of human cancer cell lines in 
vitro in synergy with IFNa and IFN0. It was demonstrated that the PTPase inhibitor could 

1 5 augment cell growth responses to hematopoietic growth factors, in part, by enhancing Jak/Stat 
tyrosine phosphorylation. This activity of the drug is consistent with its inhibition of SHP-1 or 
other PTPases that down-regulate Jak/Stat tyrosine phosphorylation. Such a functional model of 
the PTPase inhibitor predicts that the drug may augment cellular responses to all cytokines 
signaling through the Jak/Stat pathways and is supported by our finding that the drug augments 

20 cell responses to IFNa in the hematopoietic cell line TF-1 . It also suggested that augmenting 
signaling of cytokines (e.g., IFNy) involved in the killing of the intracellular parasite may be an 
important pharmacological mechanism of the drug. 

Importantly, potential novel clinical applications of the drug are suggested by this 
demonstrated effect of sodium stibogluconate in inhibiting SHP-1 and other PTPases and in 

25 augmenting cellular responses to hematopoietic growth factors and cytokines. Given the role of 
SHP-1 in the controlling threshold of antigen responses of T, B, and NK cells, the drug might be 
useful in augmenting immunity against cancers or infectious agents. The drug might also be 
effective in clinical situations where various hematopoietic growth factors are used. Among 
clinical applications of cytokines that may benefit from the drug are IFNa and IFN0 used in the 

30 treatment of various diseases, including malignancies. Currently/the effectiveness of IFNs in 

anti-cancer therapies is often limited by IFN-resistance of cancer cells. Drugs that augment IFN- 
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responses of cancer cells may help to overcome such resistance, improve the efficacy of IFN 
therapies and expand the applications of cytokines in cancer treatment. In light of the pivotal 
role of PTPases in cell proliferation and viability, it is also possible that the PTPase inhibitor as a 
single agent may fiinction as an anti-cancer drug by targeting PTPases essential for cancer cells. 
5 To explore the potential of sodium stibogluconate as an anti-tumor drug, its effect on the 

growth of vario numan cancer cell lines in vitro was determined. The data der *rate that 
the PTPase inhibitor, used alone or in combination with IFNa and IFNp, was ef ; ~ in 
inhibiting the in vitro growth of different human cell lines of lymphoma, multiple myeloma, 
leukemia, melanoma, prostate cancer, breast cancer, renal cancer and bladder cancer. Moreover, 

10 it is shown that this anti-cancer activity of the drug was related to the enhancement of tyrosine 
phosphorylation of specific cellular proteins and the induction of cell apoptosis. The 
effectiveness of the drug in overcoming IFN-resistance of cancer cells was indicated by the near 
complete killing by sodium stibogluconate alone or in combination with IFNa of cancer cell 
lines that showed only partial growth inhibition in response to the cytokine. The broad in vitro 

1 5 anti-cancer activity of the PTPase inhibitor indicates its potential as a no vel anti-cancer drug as a 
single agent or in combination with IFNa/0. Moreover, the ability of the drug to augment 
Jak/Stat signaling via targeting Jak/Stat PTPase(s) suggests its effectiveness in other therapies of 
hematopoietic growth factors and cytokines that signal through the Jak/Stat pathway. 

Drug Interaction Analysis. Median effect analysis, which provides the most general form 

20 of studying the interactions between drugs, was utilized to analyze the interaction between 

sodium stibogluconate and IFNa or IFNp. Since details regarding the mode of IFN and sodium 
stibogluconate interaction are not fully understood, and whether or not they act in a mutually 
exclusive fashion, we chose the most general analysis available. Dose response curves were 
generated for each drug alone, and also the combinations. Median effect plots were generated, 

25 which determined m and D m values for IFN alone, sodium stibogluconate alone, and the 

combination. The combination index (CI) was determined and plotted vs. fraction affected (FA). 
Data were analyzed in both modes, mutually exclusive and mutually nonexclusive. The 
interaction between two mutually nonexclusive drugs is described by the Equation CI = Di/D x i 
+ D 2 /D x2 + D 1 D 2 /D x iD x2 , where D x! and D x2 are the doses of drug 1 and drug 2 that are required 

30 to inhibit growth x%. Di and D 2 in combination also inhibit growth x% (i.e. drug 1 and drug 2 
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are isoeffective). When CI< 1, drugs are synergistic, when CI = 1, drugs are additive, and when 
CI > I, drugs are antagonistic. 

Detection of apoptotic cells by Annexin V/propidium iodide assay. Annexin V staining 
of exposed membrane phospholipid phosphatidylserine (PS) was done using the Annexin V 
5 assay kit (Pharmingen, San Diego, CA). Briefly, U266 or WM9 cells were cultured in the 10% 
FCS RPMI 1640 medium in the absence or presence of sodium stibogluconate, IFNa, or both for 
3 days. Cells were then washed in PBS twice and stained in binding buffer (10 mM Hepes, pH 
7.4; 140 mM NaCl; 2.5 mM CaC12) containing Annexin V-FITC and propidium iodide for 15 
min. The reaction was stopped by adding 10 volumes of binding buffer and analyzed by FACS 

10 (Becton Dickinson Facsvantage) or fluorescent microscopy. 

Induction of Statl tyrosine phosphorylation by IFNa and/or sodium stibogluconate. For 
induction of Statl tyrosine phosphorylation by IFNa in the absence or presence of sodium 
stibogluconate, cells grown in 10% FCS RPMI 1640 medium at 37°C were stimulated with IFNa 
(50 u/ml) for various time points and treated with or without sodium stibogluconate for 5 

1 5 minutes prior to termination by lysing the cells in cold lysis buffer (1% NP-40; 50mM Tris, pH 
7.4; 100 mM NaCl; 1 mM EDTA, 10% glycerol, 10 mM sodium molybdic acid and 4 mM 
AEBSF). 

Cell lysate preparation, SDS-PAGE, and Western blotting. Cell lysates were prepared by 
lysing cells in cold lysis buffer for 30 min and cleared by centrifuging at 14,000 rpm at 4°C for 
20 15 min. For SDS-PAGE, cell lysates were mixed with equal volume of 2 x SDS-PAGE sample 
buffer, heated at 90°C for 5 min and separated in 10% SDS-PAGE gels. Cellular proteins in 
SDS-PAGE gels were transferred to nitrocellulose membrane (Schleicher & Schuell), blocked in 
5% milk, probed with antibodies and detected by using an enhanced chemiluminescence kit 
(ECL, Amersham). 

25 Sodium stibogluconate inhibits the in vitro growth of human cell lines of hematopoietic 

malignancies and augments IFNa-induced cell growth inhibition, sodium stibogluconate 
markedly augmented IFNa-induced growth inhibition of the IFNa-resistant lymphoma cell line 
DR. DR and DS cell lines were derived from the parental human lymphoma cell line Daudi and 
were resistant or sensitive to IFNa, respectively. Consistent with their sensitivity to IFNa, DS 

30 cells cultured in the presence of IFNa (1 ,000 u/ml) were almost completely eliminated by day 3. 
In contrast, IFNa treatment resulted in only 19% growth inhibition of the DR cells. Importantly, 
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this IFNa-induced DR cell growth inhibition was increased to 46-69% in the presence of various 
amounts of sodium stibogluconate. Augmentation of IFNa-induced growth inhibition by sodium 
stibogluconate was also observed in prolonged culture of DR cells for 6 days (Figure 18D), in 
which the 39% of IFNa-induced growth inhibition was increased to 80% and 92% in the 
5 presence of sodium stibogluconate at 12.5 ng/ml and 25 ng/ml respectively. Interestingly, the 
PTPase inhibitor by itself showed a marked activity against DR cells at higher dosages: it almost 
completely eliminated proliferation of DR cells (95-99%) in the day 6 culture at 50 fig/ml and 
100 jig/ml as a single agent, sodium stibogluconate by itself showed a modest activity against 
the DS cells. 

10 This initial observation of marked growth inhibition of DR ceils by sodium 

stibogluconate alone or in combination with IFNa prompted the determination its effect against 
other cell lines of human hematopoietic malignancies. U266 is cell line of human multiple 
myeloma, a disease currently treated with IFNa. Again, augmentation of IFNa-induced cell 
growth inhibition of U266 cells was detected with a substantial growth inhibition activity of the 

1 5 drug by itself. Vario . degrees of augmentation of IFNa growth inhibition activity by sodium 
stibogluconate were also observed in other cell lines of T-lymphoma (H9) and T-ALL (Peer) 
(See Table 1). 

Sodium stibogluconate inhibits the in vitro growth of human cell lines of non- 
hematc netic malignances and augments IFNa-induced growth inhibition. The effect of 

20 sodium stibogluconate in augmenting IFNa-induced growth inhibition and in causing growth 

inhibition by itself in cell lines of human hematopoietic malignancies suggested potential activity 
of the drug against nonhematopoietic cancer cells as the drug has inhibitory activity against 
PTPases (e.g., PTP1B and SHP-2) that express in various non-hematopoietic tissues. 

Several solid tumor cell lines were found to be sensitive to the PTPase inhibitor alone or 

25 in combination with IFNa. IFNa-induced growth inhibition of WM9 (melanoma), DU145 
(prostate cancer), and MDA231 (breast cancer) was augmented by sodium stibogluconate 
(Figure 19A, B, and C). Like the DR lymphoma cell line, these tumor cell lines were sensitive to 
the PTPase inhibitor as a single agent, which at 50 jig/ml and 100 ^g/ml dosages killed all cells 
in day 6 culture. The Wilms tumor cell line WiT49-Nl was also sensitive to sodium 

30 stibogluconate although its growth inhibition activity was not enhanced by IFNa (Figure 19D). 
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Further studies of the drug in additional cell lines demonstrated that sensitivity to sodium 
stibogluconate was not tumor type-specific but unique to individual cell lines. In contrast to the 
sensitive WM9 melanoma cell line, the WM35 melanoma cell line was minimally affected by 
sodium stibogluconate (Table 1). Unlike the DU145 prostate cancer cell line, the C42 prostate 
5 cancer cell line was highly resistant to the inhibitor (Table 1). Growth responses of several other 
human tumor cell lines to IFNa and/or sodium stibogluconate were also determined (Table 1). 

Sodium stibogluconate augments IFNa- and IFNjHnduced growth inhibition of WM9 
cells in a synergistic manner. To further investigate whether augmentation of IFNa-induced cell 
growth inhibition by sodium stibogluconate was unique to this drug combination, the effect of 

10 the drug on IFNa- or IFNp-induced growth inhibition of the WM9 cell line of human melanoma, 
which is currently treated by the cytokines, was compared. 

The growth of WM9 ceils was suppressed by IFNa (Figure 10A) and, more potently, by 
IFNp (Figure 10B). In the presence of sodium stibogluconate, IFNa- and IFNa-induced growth 
inhibition was greatly enhanced (Figure 10). This augmentation of IFNa/p-induced growth 

15 inhibition by sodium stibogluconate was most dramatic at lower dosage levels of sodium 

stibogluconate (12.5-50 ^g/ml) and the IFNs (12.5-50 u/ml) but was also detectable in the higher 
dosage range (Figure 10). Thus, sodium stibogluconate was effective in augmenting the growth 
inhibition activity of IFNa and IFNp against WM9 cells. 

To determine the nature of the drug interaction in the IFNa/sodium stibogluconate and 

20 IFNp/sodium stibogluconate combinations, data in Figure 20 were subject to median effect 

analysis to derive combination index (CI) values that define drug interaction as synergy (CI < 1), 
additivity (CI = 1) or antagonism (CI > I). The results, calculated in both modes of mutually 
exclusive and nonexclusive, demonstrate that the drug interaction in the combinations of 
IFNa/sodium stibogluconate (Figure 10B) and IFNp/sodium stibogluconate (Figure 10D) are 

25 synergistic at all doses tested, characterized by a CI value less than 1 . Since the growth 
inhibition of DR, DU145, and MDA231 cells achieved by the combination of sodium 
stibogluconate and IFNa was similar to that of the WM9 cells (Figure 18 and 19), the results also 
suggested a synergistic interaction for the two agents in those cell lines. 

The marked growth inhibition of tumor cell lines by sodium stibogluconate alone and/or 

30 in combination with IFNa indicated induction of cell death by the PTPase inhibitor. Therefore, 
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the numbers of apoptotic cells of U266 and WM9 cell lines grown in the presence of sodium 
stibogluconate, IFNa, or both was determined. 

Increased apoptosis of U266 cells was detected in the presence of sodium stibogluconate 
alone and, more dramatically, of the inhibitor and IFNa both. In the presence of sodium 
5 stibogluconate ( 1 00 ug/ml), the percentage of apoptotic cells was increased to 1 7% from 8% 
(control). IFNa (1000 u/ml) induced 16% apoptosis. When both sodium stibogluconate and 
IFNa were present, the number of apoptotic cells increased to 42%. Evaluated by fluorescent 
microscopy, WM9 cells in the presence of sodium stibogluconate, IFNa, or both were increased 
to 1 1%, 15%, or 3 1% respectively from 5% (control). Thus, growth inhibition of these tumor 
1 0 cell lines by sodium stibogluconate and IFNa was mediated at least in part by inducing 
apoptosis. 

Augmentation of IFNa-induced cell growth inhibition by sodium stibogluconate 
correlates with enhanced Statl tyrosine phosphorylation. In the absence of sodium 
stibogluconate, Statl tyrosine phosphorylation in DR cells was induced by IFNa within 30 min 

15 and decreased by 5 hours post-stimulation. the presence of odium stibogluconate (10 ug/ml), 
Statl tyrosine phosphorylation at min pos. stimulation was approximately two folds greater 
than control and remained elevated for 5 hours. Enhanced Statl tyrosine phosphorylation at 5 
hours post-stimulation by IFNa was also detected in WM9 are! DU145 cell lines cultured in the 
presence of sodium stiboglucona t: In contrast, sodium sta b oconate failed to enhance IFNa- 

20 induced Statl tyrosine phosphor ation in WM35 and WiT49-Nl cell lines in which no 

antiproliferative synergy between IFNa and sodium stibogluconate was detected (Table 1 and 
Figure 9D). In the absence of IFNa, sodium stibogluconate adled to induced Statl tyrosine 
phosphorylation by itself in DR cells. IFNa-induced Statl tyrosine phosphorylation in W1T49- 
Nl cells was not increased in the presence of sodium stibogluconate. 

25 Resistance of cancer cells to IFNa and IFN0 is a major problem that limits the clinical 

application of these cytokines in anti-cancer therapies. Although the mechanism of OTM- 
resistance of cancer cells is not fully understood, reduced IFN signaling is often detected in 
cancer cells and believed to be an importer factor. Therapeutic reagents that augment IFN 
signaling may help to overcome such resistance in cancer cells but have not been reported yet. 

30 Sodium stibogluconate, a drug used for leishmaniasis and a PTPase inhibitor, augments 

IFN signaling and can overcome IFN-resistance in various human cancer cell lines. 
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Augmentation of IFNa signaling by the drug was clearly demonstrated by its enhancement of 
IFNa-induced Statl phosphorylation. This.activity was detectable at its therapeutic 
concentration (10-20 ug/ml) that is clinically well tolerated. Moreover, the activity of the drug 
in augmenting of IFNa signaling was effective in overcoming IFN-resistance as it was 
accompanied by augmentation of IFNa-induced growth inhibition of various human cancer cell 
lines. 

The drug at 25-100 ug/ml was extremely effective at overcoming IFN-resistance of cell 
lines that were only partially inhibited by IFNa as a single agent. This was well-illustrated by 
the complete elimination of WM-9 melanoma cells by the drug and IFNa in combination while 
the two agents individually achieved only 75% and 58% growth inhibition, respectively. 
Similarly, the drug at 25 ug/ml combined with IFNa achieved near complete elimination of 
MDA23 1 breast cancer cells compared to 65% and 79% growth inhibition by the two agents 
individually. This in vitro anti-cancer activity of the drug alone or in combination with IFNa 
was shown to involve induction of apoptosis in WM9 cell and U266 cells. Although the 
standard dosage for leishmania treatment is 10-20 mg/kg/day resulting in 10 ug/ml or more 
serum levels, higher drug dosages may be clinically achievable and tolerated. Doses as high as 
850 mg/kg/day have been used in leishmania treatment. 

The finding that sodium stibogluconate also augmented IFNp-induced growth inhibition 
suggests that the drug may improve the efficacy of IFNp therapies in the treatment of cancer as 
well as several other diseases (e.g., hepatitis B and multiple sclerosis) that are currently treated 
with the cytokine. Moreover, it provided additional evidence that among the targets of the 
PTPase inhibitor are Jak/Stat PTPases which down regulate cytokine signaling by 
dephosphorylating Jak/Stat proteins, a hypothesis based on the previous finding of drug 
augmentation of cell responses to IL-3 and GM-CSF that signal through the Jak/Stat pathway 
like the IFNs. PTPase SHP-1 and CD45 are known to down-regulate Jak/Stat tyrosine 
phosphorylation in hematopoietic cells. As the expression of SHP- 1 and CD45 was not 
detectable in WM9 cells in which IFNa-induced Statl phosphorylation was augmented by the 
drug, the results indicate the existence of other Statl -regulatory PTPase(s) as the drug target in 
these cells. But the data does not exclude the involvement of SHP-1 or CD45 as drug targets in 
hematopoietic cells. This mechanism of the drug targeting Jak/Stat PTPase(s) predicts that the 
PTPase inhibitor will have a similar activity in augmenting the signaling of other cytokines 
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signaling through the Jak/Stat pathway. Many cytokines signaling through Jak/Stat pathway 
(e.g., IL-2, IL-4, and EL- 12) have been used in anti-cancer therapies, which may be improved in 
combination with the PTPase inhibitor. 

The interaction of sodium stibogluconate with IFNa and IFNP in growth inhibition of 
5 WM9 melanoma cells was clearly synergistic. Such a synergy between the drug and iFNs is 
consistent with the augmentation of LFN-induced Statl phosphorylation by the PTPase inhibitor. 
Although several other drugs have been shown to s ynergize with IFNs, sodium stibogluconate is 
one that works through targeting molecules in the IFN signaling pathway. 

The results also provided the first evidence that the drug alone had marked growth 

10 inhibitory activity against human cancer cell lines / dtro. This activity was most dramatic at 
higher dosages (25-100 jig/ml) with a substantial aeuvity detectable at therapeutic concentration. 
For instance, sodium stibogluconate at 100 ng/ml achieved complete or near complete killing of 
cells in day 6 culture of the DR, DU145, MDA231, and WiT49-Nl cell lines. Induction of cell 
apoptosis may play a role in the killing of the cancer cells as indicated by the increased apoptosis 

15 of WM9 and U266 cells in the presence of sodium stibogluconate at 100 jig/ml. Unlike the 
synergy of the drug at therapeutic concentration with IFNs that was mediated via targeting 
Jak/Stat PTPases to augment IFN-induced Jak/Stat phosphorylation and -signaling, this activity 
of drug is likely mediated by other PTPases independent of the Jak/Stat pathway as indicated by 
the failure of the drug alone to induce Statl phosphorylation at 10 p.g/ml or at higher 

20 concentration (our unpublished data). More detailed analysis of sodium stibogluconate-sensitive 
cells to identify ce alar proteins whose tyrosine phosphorylation are affected by the drug alone 
in drug-sensitive cells may help to elucidate the underlying mechanism. 

The sensitivity of certain human cancer cell lines to the drug by itself suggests potential 
effectiveness of sodium stibogluconate as a single agent in cancer treatment. In this regard, the 

25 finding that drug sensitivity is unique to individual cancer cell lines instead of tumor type- 
specific underscores the importance of identification of markers of drug-sensitivity and - 
resistance in cancer cells. It is likely that drug-resistance may be due to the absence of target 
PTPases or PTPase substrates in drug-resistant cells which have adapted to grow without these 
molecules. In this regard, it is interesting that differential expression of PTPases in the sensitive 

30 WM9 and resistant WM35 melanoma cell lines was detected by gene expression profiling. 

Additional studies are clearly needed in this area and could have important clinical significance. 
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Sodium stibogluconate synergizes with IFNa to eradicate human melanoma WM9 
tumors and markedly suppress human prostate carcinoma DV145 tumors in nude mice. 
Preliminary studies described above clearly demonstrate a marked activity of PTPase inhibitor 
sodium stibogluconate against various cancer cell lines in vitro. Next, the critical issue of 
whether the drug has anti-cancer activity in vivo at a dosage that is clinically achievable and 
tolerated was addressed. For this, the efficacy of sodium stibogluconate, as a single agent or in 
combination with EFNct, against human melanoma WM9 and human prostate carcinoma DLJ145 
xenografts in nude mice was determined. 

WM9 and DU145 cell lines were used for the study based on the following 
considerations: 1) the two cell lines were found in our preliminary study to be sensitive to 
sodium stibogluconate as a single agent or in combination with IFNa (Figure 19A-B); 2) both 
cell lines are known to be tumorigenic in nude mice; 3) the cell lines represent human 
malignancies that are major health threats with no effective treatment; 4) IFNa is used in the 
treatment of melanoma and prostate cancer with modest outcome, which may be significantly 
improved by combinational therapy with sodium stibogluconate that synergize with the cytokine. 

Nude mice bearing WM9 or DU145 xenografts were treated with IFNa (500,000 U, s.c, 
daily), sodium stibogluconate (.12 mg Sb, s.c, daily), or both. The amount of IFNa used for the 
treatment is comparable to the dosages used in similar studies. The dosage of sodium 
stibogluconate corresponds to approximately 440 mg Sb/kg body weight (average mouse body 
weight 27 g), substantially higher than the standard therapeutic dose of 20 mg Sb/kg and the high 
dose (143 mg Sb/kg) that was clinically used by accident without serious toxicity. The dose of 
sodium stibogluconate used in the study was chosen based on the previous observation in a pilot 
study that mice could tolerate daily dose of 20 mg Sb (approximately 700-800 mg Sb/kg): The 
observation that the effect of sodium stibogluconate in inhibiting the growth of the cancer cell 
lines in vitro was dose-dependent with complete or near complete killing of the cancer cells at 
100 pg Sb/ml (or 100 ug Sb/kg) was also considered. In light of the relatively rapid rate of 
clearance of the drug in vivo, 440 mg Sb/kg dosage was used to ensure the detection of the 
effectiveness of the drug for this initial study. 

For each of the cell lines, each of 16 mice received subcutaneous injection at the chest 
area of 3 x 10 6 cells/site (WM9) or 2 x 10 6 cells/site (DU145), two sites/mouse, on day 0. Mice 
were separated into four groups of four to receive treatment, injected into the thigh area and 
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starting on day 2, Tumor size was measured with a caliper to determine the two perpendicular 
diameters of each tumor. Tumor volume was calculated using the method of the NCI (length x 
width 2 in millimeters/2 « volume in cubic millimeters). 

Sodium stibogluconate as a single agent has a marked anti-tumor activity in vivo and 
5 synergizes with IFNa to eradicate xenografts of human melanoma WM9 in nude mice.To test 
the anti-tumor effects of sodium stibogluconate and its synergy with IFNa in vivo, the effect of 
sodium stibogluconate, IFNa, and their combination against xenografts of human WM9 
melanoma in nude mice was determined. WM9 cells were inoculated into nude mice which were 
then subjected to no treatment (control) or treatment for 23 days with single agents or their 

10 combination starting on day 2 following inoculation. Tumor volume of WM9 xenografts in the 
mice was determined during the treatment course as indicators of efficacy of the treatment. 

WM9 cells in nude mice formed tumors that showed continuous growth in a time 
dependent manner in the absence of any treatment. Treatment with alone significantly 
suppressed WM9 tumor growth in the mice and resulted in an average tumor volume 

1 5 approximately 40% of the control group by the end of the treatment. Interestingly, treatment with 
sodium stibogluconate alone caused a dramatic tumor growth suppression (tumor volume about 
20% of the controls on day 25), superior to that of IFNa treatment under the experimental 
conditions. Most strikingly, treatment with the combination of sodium stibogluconate and IFNV 
led to a gradual shrinkage of WIND tumors which were visually invisible by day 18. This 

20 absence of visible tumor in this group of mice continued until the end of the treatment course by 
day 25. Two mice of this group were observed for additional 8 weeks without treatment. No 
visually visible tumor was detected in these mice at the inoculation sites during this additional 
observation period. Thus the combinational treatment eradicated the pre- formed WM9 tumors in 
the nude mice. 

25 Sodium stibogluconate markedly suppresses the growth of xenografts of human prostate 

carcinoma DU145 in nude mice. As shown in Figure 24B, inoculation of DU145 ceils in nude 
mice resulted in formation of tumors that was not significantly suppressed by IFNa monotherapy 
during the most part of the treatment duration, consistent with a previous study. A modest anti- 
tumor activity of the cytokine was detected by the end of the treatment course with the average 

30 tumor volume approximately 70% of the control on day 25. In contrast, sodium stibogluconate as 
a single agent markedly suppressed DU145 tumor growth and resulted in an average tumor 
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volume of approximately 30% of the control by day 25. This anti-tumor activity of sodium 
stibogluconate was further augmented when the drug was used in combination with IFNa 
(average tumor volume 18% of control on day 25). These results together demonstrated that 
sodium stibogluconate has a marked anti-tumor activity against DU145 xenografts in nude mice 
and that the drug interacts with IFNa to achieve a striking growth inhibition of DU145 
xenografts in nude mice. 

The effective dosage of sodium stibogluconate against WM9 and DU145 xenografts is 
well tolerated in nude mice. As discussed above, the dosage of sodium stibogluconate used for 
the treatment of nude mice was 12 mg Sb/mouse, s.c, daily (or approximately 440 mg/kg body 
weight). Thus dosage is much higher than the standard dose for Leishmaniasis (20 mg Sb/kg, 
daily). As an initial step to assess the toxicity of such a high dosage of sodium stibogluconate in 
nude mice, its effect on the viability and body weights of WM9 xenografts nude mice during the 
25 day period of the study was determined. 

All of the 16 mice inoculated with WM9 cells survived till the end of the study (day 25) 
regardless their treatment (control, sodium stibogluconate, IFNa, or both, 4 mice/group). The 
average body weight of the mice subjected to combinational treatment with sodium 
stibogluconate and IFNa showed no significant difference from that of the control group mice or 
those of the sodium stibogluconate- or IFNa-treatment group (data not shown) during the study 
period. In addition, no obvious difference was noticed among the 4 groups of mice in their 
general appearance, feeding, or activity. Dissection of two mice from each group of the mice 
revealed no apparent abnormality of the internal organs. Two mice of the combinational 
treatment group were observed for additional 8 weeks without treatment. They showed no 
visually obvious abnormality during the period, indicating that the treatment caused no serious 
longterm side effect. 

In summary, these results demonstrate that sodium stibogluconate, as a single agent, 
showed a significant activity, higher than that of IFNa, against the two types of tumors in vivo. 
Moreover, sodium stibogluconate synergized with EFNa to eradicate the WM9 tumors in the 
nude mice with the combinational treatment for 16 days. It was also found that sodium 
stibogluconate synergized with IFNa to achieve striking growth inhibition of the DU-145 tumors 
superior to those of the two drugs used alone. 
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Additionally, the responses of the two tumor cell lines to sodium stibogluconate and/or 
IFNa in vivo correlated with their responses in vitro; the WM9 cell line was more sensitive to 
the combination treatment of sodium stibogluconate and IFNa in vivo than the DLT145 cell line, 
similar to our in vitro results. We also found that sodium stibogluconate at the dosage used in 
the study (12 mg Sb, daily of 440 mg Sb/kg daily) was well tolerated with no serious side effect. 

The conclusions based on these results that: sodium stibogluconate has a marked and 
broad anti-tumor activity in vivo as a single agent at a dosage that may be clinically achievable 
and tolerated; the demonstrated synergy between sodium stibogluconate and cytokines, 
specifically IFNa in vivo indicates that combinational usage of sodium stibogluconate may 
significantly improve the current IFNa therapies in cancer treatment; since sodium 
stibogluconate targets PTPases and therefore functions via a mechanism distinct from those oi 
current anticancer therapies, the drug may be useful as an alternative therapeutic for cancers non- 
responsive or resistant to conventional anti-cancer therapies; the correlation between in vitro and 
in vivo responses of cancer cell lines to sodium stibogluconate or sodium stibogluconate/IF^ 
indicates that other human cancer cell lines sensitive to these agents in vitro, as detected in 
preliminary studies, will be responsive to these agents in vivo as well; this further suggests that 
the human malignancies represented by the sensitive cell lines (e.g., human breast aicer cell 
line MDA231 and multiple myeloma cell line U266) may benefit from sodium 
stibogluconate/IFNa combinational therapies; since the nude mice study verified that the 
synergy between sodium stibogluconate and IFNa as detected in vitro also occurs in vivo, the in 
vitro synergy of sodium stibogluconate with other cytokines (e.g., IFNP) as detected in 
preliminary studies may similarly exist in vivo; therefore, sodium stibogluconate may be a useful 
adjuvant in IFNa therapy for viral or autoimmune diseases (e.g. hepatitis C and multiple 
sclerosis). 

Importantly, it was demonstrated that sodium stibogluconate markedly enhances the anti- 
cancer activity of IFNa and has significant anti-cancer activity as a single agent against cell lines 
of various human malignancies in vitro and in vivo. The data showed that sodium 
stibogluconate, alone or in combination with IFNa, markedly suppresses the growth of human 
cancer cell lines in vitro. It was further demonstrated that combination treatment with sodium 
stibogluconate and IFNa for 16 days resulted in eradication of pre-formed tumors of advanced- 
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stage human melanoma WM9 in nude mice with no apparent toxicity. The drug as a single agent 
also showed a marked anti-tumor activity superior to that of IFNa against WM9 xenografts, 
sodium stibogluconate alone or in combination with IFNa also showed striking activity against 
tumors of IFNa-refractory human prostate cancer DU145 in nude mice, suggesting a broad 
5 activity of the drug against different types of tumors in vivo. Given that not all cancer cells are 
sensitive to sodium stibogluconate, the finding that ketoconazole inhibits different PTPases in 
vitro and may therefore act against different cancer cells suggests its potential as an anti-cancer 
drug in sodium stibogluconate-resistant cases. 

These results indicate these PTPase inhibitors as novel anti-cancer therapeutics warrant 

1 0 further investigation. As they are well-tolerated drugs already in clinical use, their novel mode 
of action and striking anti-cancer activity of sodium stibogluconate suggests their potential for 
rapid incorporation into current anti-cancer therapies. Although, not wishing to be bound by 
theory, the following hypotheses are proposed: a) the anti-cancer activity of sodium 
stibogluconate associates with a distinct sodium stibogluconate fraction more potent and less 

1 5 toxic than the parental drug, which is a mixture of molecules resulted from differential 

polymerization with poor activity and increased toxicity associated with degradation of the 
polymers; b) the mechanism of action of sodium stibogluconate to synergize with IFNa can be 
attributed to its effects on IFNa signaling molecules and ISGs (IFN-stimulated genes) via 
inactivation of PTPases through covalent modification of the enzymes; c) sodium stibogluconate, 
20 pentamidine and ketoconazole have differential anti-cancer activities via targeting different 
PTPases. 

Like PTKs, PTPases show striking specificity in dephosphorylating unique protein 
substrates. This specificity is determined in part by the catalytic domain of individual PTPase, 
which recognizes its own set of substrates with particular structures that fit in the catalytic pocket 
25 of the enzyme. Such an interaction between a PTPase and its substrates has led to the 

development of trapping mutants of PTPases and the identification specific substrates. It also 
indicates the feasibility of developing inhibitors specific for individual PTPases through blocking 
such an interaction. 

A cysteine residue conserved in the catalytic domain of all PTPases may play a critical 
30 role in dephosphorylation. This residue accepts the P0 3 moiety from phosphorylated amino acid 
in substrates and forms a phosphocysteine intermediate which is hydrolyzed to complete the 
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dephosphorylation process. Substituting the cysteine residue in PTPases with a serine residue 
inactivates the enzymes. This cysteine residue is also the target of PTPase inhibitor pervanadate, 
which oxidizes the sulfhydryl group (-SH) of the residue to sulfonic acid (-SO3H) thus blocking 
the formation of the phosphocysteine intermediate required for the dephosphorylation process. 
5 Anti-cancer activity of sodium stibogluconate in synergy with IFNs: an inhibitor of PRL 

phosphatases. PRL family phosphatases have been proposea as targets for developing anti- 
cancer therapeutics as their over expression caused cell transformation in culture, promoted 
tumor growth in mice (PRL-1 or PRL-2) and associated with metastasis of colorectal cancer 
(PRL-3)* To assess whether PRL phosphatases were potential sodium stibogluconate targets, the 

1 0 effect of sodium stibogluconate on the phosphatase activity of PRLs was assessed in vitro. 

Recombinant GST fusion proteins of human PRL-1, 2 and 3 phosphatases were purified 
with glutathione beads from DH5a bacteria transformed by pGEX vectors containing cDNA 
fragments encoding the human PRLs which were generated by RT-PCR from H9 cells and 
confirmed by sequence analysis. Activities of the purified recombinant PRL proteins in 

15 dephosphorylating DiFMUP in the absence or presence of various inhibitors were measured 

following established procedure. Phosphatase activity of PRL-3 bound to glutathione beads and 
preincubated with sodium stibogluconate then subjecting no washing (Wash -) or a washing 
process (Wash +), which was shown to remove the inhibition of SHP-1 by reversible inhibitor 
suramin. 

20 Relative expression levels of PRLs in peripheral blood mononuclear cells from two 

healthy volunteers ana > cancer cells line vere generated by RT-PCR with specific primer pairs 
for individual PRLs or for GAPDH. RT~i \JR products were separated in an agarose gel and 
visualized by ethidium bromide staining with their identities confirmed by restriction 
endonuclease mapping. The sequence of primer pairs are: 
25 huPRL-3/5\ TAGGATCCCGGGAGGCGCCATGGCTCGGATGA; 

huPRL-3/3', GAGTCGACCATAACGCAGCACCGGGTCTTGTG; 
huPRL-2/5 \ TAGGATCCCC ATAATGAACCGTCCAGCCCCTGT; 
huPRL-2/3 \ GAGTCGACCTGAACACAGCAATGCCCATTGGT; 
huPRL-l/5\ TAGGATCCCCAACATGGCTCGAATGAACCGCCC; 
30 huPRL-1/3', GAGTCGACTTGAATGCAACAGTTGTTTCTATG. 
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Sodium stibogluconate is a potent inhibitor of recombinant PRL-1, PRL-2 and PRL-3 in 
vitro. To assess whether sodium stibogluconate is an inhibitor of oncogenic PRL phosphatases, 
its effects on the PTPase activity of recombinant PRLs were evaluated by in vitro PTPase 
assays. PTPase activity of recombinant PRL-1, PRL-2 and PRL-3 in dephosphorylating a 
5 synthetic phosphotyrosine peptide substrate was decreased in the presence of sodium 

stibogluconate in a dose-dependent manner with sodium stibogluconate at 100 mg/ml resulted in 
80-90% of inhibition of the PTPases (Fig. 1 1 A). These effects of sodium stibogluconate were 
detected under the condition that the PRLs were pre-incubated with the drug for 10 minutes prior 
to the initiation of PTPase assays by addition of substrate to the reactions. Since the three 

10 phosphatases were inhibited in a similar manner by sodium stibogluconate, PRL-3 was selected 
to further investigate the effect of prolonged pre-incubation with sodium stibogluconate on its 
phosphatase activity. Pre-incubation of PRL-3 with sodium stibogluconate for 30 or 60 minutes 
resulted more dramatic inhibition with nearly complete inactivation of PRL-3 occurred at sodium 
stibogluconate concentration oflO mg/ml (Fig. 1 IB). Inhibition of PRL-3 by sodium 

1 5 stibogluconate was also detected using an alternative substrate (DiFMUP) while the known 
phosphatase inhibitors sodium orthovanadate and suramin were less effective than sodium 
stibogluconate under comparable conditions (Fig. 1 1C). The percentages of inhibition of PRL-3 
in the presence of various doses of sodium stibogluconate were similar to those of sodium 
stibogluconate-induced SHP-l inactivation (Fig. 1 ID), sodium stibogluconate-induced PRL-3 

20 inactivation was not relieved by a washing process (Fig. 1 IE) that was effective in removing the 
inhibition of SHP-1 by reversible inhibitor suramin. 

These results demonstrated that sodium stibogluconate was a potent and irreversible 
inhibitor of recombinant PRL phosphatases in vitro. 

PRLs are expressed in cell lines of various human malignancies. 

25 As an inhibitor of oncogenic PRL phosphatases, sodium stibogluconate could be 

expected to be most effective against human malignancies in which these sodium stibogluconate- 
targeted molecules are present. To address this issue, we determined the expression of PRLs in 
cell lines of various malignancies by RT-PCR analysis which revealed the presence of the 
transcripts of the PRLs in the cell lines with PRL-1 and PRL-3 expression at levels higher than 

30 those in the PBMC of two healthy volunteers (Fig. 1 IF). These results suggests that expression 
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of PRLs may be common in human malignancies which could benefit from sodium 
stibogluconate therapy. 

Melanomas are currently treated with IFNa with moderate response rates (15-20%) while 
the cytokine is effective in only 5% of prostate cancer patients, sodium stibogluconate may 
significantly improve the efficacy of IFN therapy for these malignancies. Moreover, the 
demonstrated in vitro effects of sodium stibogluconate in augmenting IFNa-induced growth 
inhibition of cell lines of other human malignances suggest the potential of sodium 
stibogluconate/IFN combination therapy for different types of cancer. Such combination therapy 
may be particularly useful in cancer that are nonresponsive to conventional chemotherapy or 
radiation therapy ce sodium stib uconate and IFNs modulate targets in cancer cells different 
from those of conventional therapies. 

One of the most significant findings concerns the inhibitory activity of sodium 
stibogluconate against PRL phosphatases. Their n v . Ovation is liken responsible at least in part 
for the anti-cancer effect of sodium stibogluconate as a single agent functioning independently of 
IFN signaling. The notion that PRLs are among sodium stibogluconate targets is also consistent 
with the known toxicity profile of the drug (modest cardiac toxicity and leukopenia) that 
correlates with the major physiologic expression sites of PRL-3 (cardiac muscle) and PRL-2 
(peripheral blood mononuclear cells). Given the potentially pathogeneic role of overexpression 
of these enzymes and their elevated levels in cancer cells against which sodium stibogluconate 
showed striking activity, sodium stibogluconate anti-cancer activity might be mediated 
significantly by targeting the PRL phosphatases. In particular, their inactivation is likely 
responsible for the part of the anti-cancer effect of sodium stibogluconate as a single agent that 
apparently functions independently of IFN signaling as indicated by its lack of effect on Statl 
phosphorylation in the absence of IFNa. Moreover, sodium stibogluconate represents a group of 
related chemical compounds with variable activities and toxicity in leishmaniases. Identification 
of sodium stibogluconate as an inhibitor of PRL phosphatases provides a foundation for the 
development of more specific and effective PRL inhibitors as targeted anti-cancer therapeutics 
through screening sodium stibogluconate-related chemical compounds. In this regard, our 
finding that the PRL phosphatases showed differential sensitivities to sodium stibogluconate is 
significant as it indicates the feasibility of developing inhibitors targeting individual members of 
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these closely related phosphatases. The proposed mechanism of PRL PTPases as potential 
targets of sodium stibogluconate anti-cancer activity is illustrated in the figures attached hereto. 

The ability of antimony to form covalent bonds with sulfhydryl group and the existence 
of a conserved active site cysteine residue in catalytic pockets of all PTPases suggest 
involvement of modification of the cysteine residue by pentavalent antimony in sodium 
stibogluconate as an inactivation mechanism. This mode of action of sodium stibogluconate 
against PTPases is supported by our observation that sodium stibogluconate induces an increase 
in the molecular mass of PRL-2 phosphatase. Since selective higher molecular weight 
compounds in sodium stibogluconate were active against PTPases, it further suggests that 
antimony conjugated with carbohydrates in a specific configuration may gain assess to the 
PTPase catalytic pockets and allow optimal antimony/cysteine interaction, resulting in 
modification of the cysteine residue and PTPase inactivation. Such an inhibitory mechanism 
could provide a rational explanation for the differential sodium stibogluconate -sensitivities of 
PTPases, each of which possesses a catalytic pocket of unique geometry for specific interaction 
with its substrates. It might therefore be feasible to develop more specific and effective 
inhibitors against individual PTPases as novel therapeutics through screening of chemical 
compounds comprised of antimony conjugated to different organic moieties. 

Glucatime (GT, or meglumine antimonate) is an anti-leishmania drug, consisted of 
pentavalent antimony conjugated to N-methyl-D-glucamine. Its mechanism of action is elusive 
despite of its long time clinical usage. Given its chemical composition, our hypothesis would 
predict that glucatime has PTPase inhibitory activity and may target PTPases different from that 
of sodium stibogluconate. Herein we demonstrate that glucatime is potent inhibitor of selective 
PTPases in vitro and inactivates its target PTPases inside cells. Moreover, our results showed 
that glucatime targets a spectrum of PTPases that overlaps with but is different from that affected 
by sodium stibogluconate. We also provide evidence of a growth inhibitory activity of glucatime 
against WM9 human melanoma cells in culture, which might be related to its inactivation of 
oncogenic PRL PTPases that are expressed in WM9 cells. These results together indicate that 
potential of glucatime as a novel anti-cancer therapeutic and provide strong evidence 
demonstrating the feasibility of developing inhibitors against individual PTPases as therapeutics 
based on pentavalent antimony conjugated to different organic moieties. 
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As shown in Fig. 12 glucatirne has inhibitory activity against recombinant PTPases in 
vitro with its specificity different from that of sodium stibogluconate. Activities of recombinant 
PTP1B (A), MKP1 (B) and SHP-1 (C) in the absence or presence of glucatirne or sodium 
stibogluconate in dephosphorylating a synthetic phosphotyrosine peptide in in vitro PTPase 
5 assays. Glucatirne induced SHP-1 inactivation that was not removed by a washing process and 
thus was irreversible (D). 

Glucatirne is also a potent inhibitor of oncogenic PRL phosphatases in vitro; Activities 
of recombinant PRL-1 (A), PRL-2 (B) and PRL-3 (C) in the absence or presence (See Fig. 13) of 
glucatirne or sodium stibogluconate in dephosphorylating a synthetic phosphotyrosine peptide in 

10 in vitro PTPase assays- Glucatirne induced PRL-2 inactivation that was not removed by a 
washing process and thus was irreversible (D). 

Detection of PTPase inhibitory activity of glucatirne using an alternative PTPase 
substrate (DiFMUP) in in vitro PTPase assays. Activities of recombinant SHP-1, PRL-3 and 
PTP1B in the absence or presence of glucatirne in dephosphorylating DiFMUP in PTPase assays. 

15 Glucatirne inactivates intracellular PRL phosphatases. NIH3T3 stable transfectants of 

Flag-tagged PRL-1 (A), PRL-2 (B) and PRL-3 (C) were untreated or treated with glucatirne for 5 
minutes and then washed to remove cell free drug. The Flag-tagged PRLs were 
immunoprecipitated from the cells using a monoclonal anti-Flag antibody. The amounts of Flag- 
tagged PRLs in the immunocomplexes were quantified by SDS-P AGE/Western blotting with the 

20 anti-Flag antibody (the top panel). Activities of the immunocomplexes in dephosphorylating a 
synthetic phosphotyrosine peptide were determined by in vitro PTPase assays (the low panel). 

Glucatirne -induced inactivation of intracellular PRL-2 lasts more than 24 hours. 
NIH3T3 stable transfectant of Flag-tagged PRL-2 was treated with glucatirne for 5 minutes, 
washed to remove cell free drug and then incubated for various times prior to termination by 

25 lysing the cells in lysis buffer. Flag-tagged PF as immunoprecipitated from the cell lysates 
using a monoclonal anti-Flag antibody. The amouuis of Flag-tagged PRL-2 in the 
immunocomplexes were quantified by SDS-P AGE/Western blotting with the anti-Flag antibody 
(A). Activities of the immunocomplexes in dephosphorylating a syr Jietic phosphotyrosine 
peptide were determined by in o PT3P . assays (B). 

30 Glucatirne induces partial inhibition of intracellular PTP1B, similar to its partial 

inhibitory effect against recombinant PTP1B in vitro . NIH3T3 cells were untreated or treated 
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with glucatime for 5 minutes. FTP IB protein was immunoprecipitated from the cells using an 
anti-PTPlB antibody. The amounts of PTP1B in the immunocomplexes were quantified by 
SDS-PAGE/Western blotting with the anti-PTPlB antibody (A). Activities of the 
immunocomplexes in dephosphorylating a synthetic phosphotyrosine peptide were determined 
by in vitro PTPase assays (B). 

Glucatime inhibits the growth of human cancer cell lines in culture and augments IFNa- 
induced growth inhibition. Growth of human cancer cell lines cultured in the absence or presence 
of glucatime and/or EFNa (500 U/ml) for 6 days were determined by MTT assays. These cell 
lines were of different human malignancies, including lung cancer (A549), lymphoma (DR), 
ovarian cancer (HEY), breast cancer (MDA23 1, or MDA), neuroblastoma (SK-N-SH, or SK) 
and melanoma (WM9). 

While this invention has been described with an emphasis upon preferred embodiments, 
it will be obvious to those of ordinary skill in the art that variations of the preferred compounds 
and methods may be used and that it is intended that the invention may be practiced otherwise 
than as specifically described herein. 
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CLAIMS 



10 



15 



WHAT IS CLAIMED IS: 



5 1. 



A therapeutic composition comprising an effective amount of a pentavalent 
antimonial, said effective amount effective in inhibiting a PTPase activity. 

The therapeutic composition of claim 1, wherein said pentavalent antimonial 
includes an organic moeity. 

The therapeutic composition of claim 1, wherein said pentavalent antimonial is 
selected from the group consisting of glucantime, antimony dextran glucoside, 
antimony mannan, ethyl stibanine urea stibamine, and biological equivalents 
thereof. 



4. The therapeutic composition of claim 1, wherein said pentavalent antimony is 
glucantime and biological equivalents thereof. 

5. The therapeutic composition of claim 1, wherein said pentavalent antimony is 
20 sodium stibogluconate and biological equivalents thereof. 

6. The therapeutic composition of claim 1, wherein said effective amount is effective 
in treating cancer. 

25 7 - The therapeutic composition of claim 6, wherein said cancer is selected from the 

group consisting of lymphoma, multiple myeloma, leukemia, melanoma, prostate 
cancer, breast cancer, renal cancer, and bladder cancer. 

8. The therapeutic composition of claim 1 , wherein said effective amount is effective 
30 in enhancing cytokine activity. 
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The therapeutic composition of claim 1, further comprising a cytokine. 

The therapeutic composition of claim 9, wherein said cytokine is selected from 
the group consisting of interferon a, interferon p, interferon y, and a 
granulocyte/macrophage colony stimulating factor, 

A method of treating a patient comprised of administering an effective amount of 
a pentavalent antimonial, wherein said pentavalent antimonial includes an organic 
moeity. 

The method of claim 1 1, wherein said pentavalent antimony is glucantime and 
biological equivalents thereof. 

The method of claim 11, wherein said pentavalent antimony is sodium 
stibogluconate and biological equivalents thereof. 

The method of claim 11, wherein said patient has a disease associated with 
PTPase activity. 

The method of claim 11, wherein said effective amount is effective in treating a 
cancer selected from the group consisting of lymphoma, multiple myeloma, 
leukemia, melanoma, prostate cancer, breast cancer, renal cancer, and bladder 
cancer. 

The method of claim 1 1, wherein said effective amount is effective in treating 
immune deficiency. 

A method of screening a compound for therapeutic value comprised of: 

identifying a library of compounds to be screened, said library comprised 
of at least one potential therapeutic compound; 
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screening the library of compounds to determine a similarity of action 
between the at least one potential therapeutic with a known pentavalent 
antimonial which is effective in affecting a cellular target; 

selecting the potential therapeutic based on the potential therapeutics 
similarity of action in affecting the cellular target as the pentavalent antimonial. 

18. The method of claim 18, wherein said pentavalent antimonial includes an organic 
moeity which interacts with the cellular target. 

19. The method of claim 18, wherein said cellular target is a PTPase. 

20. The method of claim 19, wherein the action is inhibition of PTPase. 
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